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Now manifold any number 
of ROSS 4-way PACER 


Attach PACER 4-way valve to 


valves with new Rat SOU tamer wiv to 


screws. All air connections are 
automatically made. 


SINGLE STATION MANIFOLDS 


PACER is the solenoid valve from ROSS that is 
capable of 1000 cpm, and more, has all JIC features 
and is built for super long life. Although this valve 
requires just seven watts of holding power, its min- 
imum internal orifice is a full ,°; inch. Now you may : : 
‘ Couple boxes just by butting 
put together as many of these fine valves as you de- them together and securing with 


sire with just one air supply and one electrical con- two Bete. C-cings af Mie parts 
. ‘i make air connections tight auto- 


nection to serve all valves, using this new building- matically. 
block manifold. Call your Ross representative or write 


for bulletin 322. 


i Loss OPERATING VALVE COMPANY 


114 E. GOLDEN GATE e DETROIT, MICHIGAN 
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FEATURED: 


HELICAL GEARS GET YOU OUT OF TIGHT SPOTS . .. . S Rappaport 
How their adaptability overcomes difficulties in gear train design 


WHEN DESIGNING WITH SINTERED BERYLLIA .. . A J Strott 
A comparison with rival ceramics, and guides to fabrication. 


TOO HOT FOR HYDRAULICS? TRY PNEUMATICS... Staff report 
A Battelle study determines air response in hi-temp fluid systems 


CREATIVITY TESTS ARE HELPFUL . . . Dr AL Simberg and Dr R H Harris 
Ineffective, even harmful? Not at all, say these two experts. 


HOW THE RESISTANCE TRANSDUCERS COMPARE .. . J R McDermott 
Guide to these devices, in terms of range, sensitivity, linearity 


TORSION IN BEAMS... . S Warren Kaye, Raytheon Co 


For unsymmetrical beams: labor-saving curves find shear center 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS 


New low-cost way to form urethane foam 

Graphite gets another boost. 

To protect spacecraft: gases opaque to radiation 
100%-solids epoxy coating operates to 311 F... 
Thermohardened beech veneers rate high on performance 


Production blamed for shaft-seal failures. 


New instruments for testing thickness. 
German machine-tool makers jockey for more “ the satiest. 


Lubes for gears and bearings stand higher temperatures 
Czechs give heat-exchanger tubes a new shape 


Exploding lamps developed for ultrahigh-speed ies. 


Shaft-mounted transmission gives six times more torque. . 


New resistors use thin titanium films 


Terminals prepotted with elastomer don’t leak 


Redesigned projector puts stars through their paces... . 


More atoms for research needs 
Britain fights for a place in space 


PRODUCT ENGINEERING + OCTOBER 17, 1960 





CARBON-GRAPHETE 


THE VERSATILE ENGINEERING MATERIAL 
THAT POSSESSES MANY UNIQUE AND PRACTICAL 
ADVANTAGES FOR A VARIETY OF APPLICATIONS 


MINIMUM LUBRICATION REQUIRED —Because of 
the controlled porosity and non-melting nature of 
GRAPHITAR, the only lubricant GRAPHITAR 
bearings need is water or other low-viscosity fluid. 
Any such fluid with non-gumming characteristics 
will provide an extremely low coefficient of friction 
and assure long life of the GRAPHITAR parts. 


RESISTANCE TO CHEMICAL ATTACK —GRAPH- 
ITAR has the ability to withstand the action of 
almost any chemical, with the exception of the 
most highly oxidizing re-agents in hot and con- 
centrated form. GRAPHITAR parts, for example, 
operate efficiently in steam, chemical and gas 


valves to provide a corrosion resistant material 


operating under the most adverse conditions. 


MECHANICALLY STRONG —GRAPHITAR will 
not warp or distort even in high pressure applica- 
tions. Compressive strength up to 45,000 psi and 
transverse breaking strength from 3000 to 16,000 
psi, depending on the grade. 


HEAT RESISTANT—GRAPHITAR is not affected 
by heat under neutral or reducing conditions. Tem- 
peratures of oxidation for most grades is approxi- 
mately 700 degrees F. In addition, GRAPHITAR 
engineers have developed a special oxidation 
resistant grade of GRAPHITAR that has been 


exposed in an oxidizing atraosphere (air) of 1200 
degrees F. and after 200 hours, it showed a weight 
loss of less than six per cent. 


MOLDABLE —GRAPHITAR has excellent molda- 
bility properties that make possible and practical 
unusual shaped parts. Design requirements such 
as ears, face slots, and outside diameter notches 
can easily be incorporated into GRAPHITAR 
parts without secondary machining and finish- 
ing operations. 


MACHINING —The United States Graphite Com- 
pany operates an excellent finishing department 
to do all finishing operations to the most exacting 
specifications. GRAPHITAR may be ground to 
size or shaped with a tungsten carbide or diamond 
tipped tool to tolerances as close as .0005”. When 
surfaces require a high degree of precision in flat- 
ness, lapping and polishing equipment are em- 
ployed and accuracies within three light bands 
can be produced. 


LIGHT WEIGHT — GRAPHITAR is lighter than 
magnesium and is being employed increasingly in 
the aircraft and missile fields. The weight per unit 
volume of various GRAPHITAR grades is as fol- 
lows: 102.8 to 116.03 pounds per cubic foot, 
.0595 to .0672 pounds per cubic inch, .952 to 
1.074 ounces per cubic inch. 


Write today for Engineering Bulletin No, 20 


R-284-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF 
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INTERESTING TO NOTE 


On our cover—the new 
projector built for New 
York’s Hayden Planetar 
ium by Carl Zeiss. De 
sign details on page 70 
Some ___ textbooks - still 
claim that Columbus set 
sail from Palos, Spain in 
1492 to prove that the 
earth was round. Actu 
ally, learned men since 
ibout the 6th century BC 
had known the earth is 
round. (It was at that \ 
time that Anaximander built the first celestial globe.) 
Ptolemy later proposed the theory that the earth was not 
only a sphere but also the center of the universe. Then, 
several years after Columbus discovered America, Coperni- 


roof of the Zeiss works. 
diate success. Although there have been many improve- 
ments since the one first built by Bauersfeld, the original 


is still operating in Munich. 


rhe plane tarlum was an immn 


The Duke’s Thermometer 


Not too long ago, the temperature of molten steel— 
3000 F—was considered hot. Now we're confronted with 
the problem of measuring temperatures as high as 2 bil 
lion deg K—the temperature of some of the hottest stars 

he first man to develop a fairly accurate thermometer 
was the Grand Duke of Tuscany, Ferdinand II. In 1654, 
he placed a liquid in a sealed tube and noticed its rise 
and fall with temperature changes. About half a century 
earlier, Galileo inverted a tube of heated air into a bowl 
of water. As the air cooled it drew the water up the 
tube. The daily fluctuation 
of the water in the tube was 


cus suggested the heliocentric theory which superseded 


Ptolemy's concept. However, in 


Copernicus’ day, astronomers used celestial globes to help 
These wooden globes were 
predecessors of the modern planetarium. 

Until the 20th century, the only time to observe the 
skies was in the evenings. In 1919 Prof Walter Bauers- 
feld, director of the Carl Zeiss firm, got the idea of a 
building containing projectors that could be moved and 
guided to display illuminated images of the heavenly 
It took Bauersfeld five years 
working model of his planetarium. Then, in 


them understand the heavens. 


bodies on a domed ceiling 
to build a 


Ptolemy's and 


perature 


In 


1923, the heavens were artificially projected on a domed 


mp1 wii ea 


ad ed i 


ELMER J TANGERMAN editor 


thought, by Galileo, 
caused by changes in tem ' a 
Actually Galileo . 
had built a crude barometer 

without realizing it 
vears later a protege of Gali 
leo, Torricelli, accurately in 
terpreted the phenomenon 
ind intentionally designed 
in instrument for 
g atmospheric 


to be ye 
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Many 
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INTERESTING TO NOTE continued 


Duke Ferdinand’s thermometer went unnoticed for 
many years; then, in 1701, Isaac Newton suggested that 
the Duke’s instrument be submerged in melting ice and 
the liquid level marked 0, while the level attained at body 
temperature be marked 12 and the interval divided into 
12 equal parts. Gabriel Fahrenheit later found these divi 
sions too large and adopted a much smaller unit for 
his temperature: scale. Still the readings Fahrenheit 
ichieved varied slightly. He experimented with substances 
‘ther than water, finaly deciding upon mercury becaus« 
it stayed liquid well below the freezing point of alcohol 
lurthermore, mercury expanded more uniformly with 
temperature than did either water or alcohol. Very few 
instruments, as old as Fahrenheit’s thermometer, have 
changed so little in over three hundred years. ‘Tempera 
tures will always be troublesome, especially in high-temp 


tems, described on page 68 


Creativity in a Free Society 


In the competition between the United States and th 
USSR it has been suggested that freedom of thought and 
the opportunity for the creative mind to be harnessed 
will tilt the balance in our favor. Only time will answer 
this question: It goes without saying, however, that crea 
tivity (see p 73) is one of the most fundamental assets 
necessary for the technological growth of any nation 
When the active mind is stifled, progress must come to a 


halt. In his new book, The Rise and Fall of the Third 


Reich, William L. Shier describes how the poor education 


of scientists and engineers under Hitler did much to win 
the war for the Allies. 

Hitler held professors in contempt and, in 1937, re 
quired all teachers to join the National Socialist Teachers’ 
League, which taught all subjects according to the Nazi 
doctrine. The teaching of natural scicnce, which had 
been Germany’s forte for centuries, deteriorated rapidly 
in favor of racial science. ‘Teachers like Einstein, Franck 
and Haber had to get out. When the director of the 
Institute of Physics at Dresden said, “Modern physics is 
in instrument of Jewry for the destruction of Nordic sci 
ence,” Germany’s technological future was in trouble 

Sciences were taught according to the doctrine of Aryan 


superiority, and all became a subject of propaganda. For 
example, the journal Deutsche Mathematik) proclaimed 
“Any idea that mathematics could be judged nonracially 
carried within itself the germs of destruction of German 


science 

ittempt to contro 
the young scientist’s mind had a drastic effect on college 
cnrollments. After six years of Nazification, the numbe 
of university students dropped by more than half Th 


It is not surprising that the State’s 


decline in engineering schools was even greater—troim 
20,474 to 9554 
chemical industry complained that it was rapidly losing it 
world leadership 
Nazi Himmler’s successful attempt to hamstring Ger 
many’s atomic energy program, plus the defection o 

allowed the United State 
to jurap in and become first to develop the atomic boml 


Benedict A. Leerburger ] 


Even before the war, Germany's great 


It was one of the ironies of war 


Europe’s best creative minds, 


NEXT WEEK IN PRODUCT ENGINEERING 


Better Switches for Ac Circuits 


Some of the new designs are specifically for ac; they’re smaller, quieter and 


longer lasting. 


Visual Strain Gage Does Work of Three 
Equipped with a built-in polarizer, the photoelastic rosette separates and 


measures the principal strains—giving direct readout of fringe displacement. 


Dimensional Analysis of Helical Compression Springs 
How to specify tolerances and hold costs down as well 


7 More Handles for Printed Circuits 


A handy guide to easy withdrawal and handling of circuit boards 


Science, Research and Engineering—a Campaign Issue 
Highlights of the points of view of candidates Kennedy and Nixon. 
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A BUILT-IN 
SALES ADVANTAGE 
FOR YOUR 
PRODUCTS, TOO 


Masland Duran Clad on 


nave lLlFFire. cole 


Metalaire Products Co., Phoenix, Arizona 
Division of International Metal Products Company 


This new and integral finish not only spurs product sales 

é The Masland Duraleather Co., Dept. PE 
. . . it cuts costs, too. Can be laminated permanently to Amber & Willard Sts., Philadelphia 34, Pa. 
metal. Texture and color remain unimpaired by forming, Petes subd levination end comple of Chad 
crimping, stamping, drilling, etc. No new equipment 
required. Can even eliminate the need for spray booths, 
and baking ovens. Cleans easily. Mail coupon for samples. 


Nome __ _____ Title 


Company__ 





Street ——— 





Industrial Products Division 
THE MASLAND DURALEATHER CO., Dept. PE, Philadelphia 34, Pa. 
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Gear and bearing lubes stand higher temperatures 


New lubricants with flash points in the range, +50 to 550 F, are being developed by 
Shell Development and Monsanto Chemical. 

These are polyphenyl ethers with pour points of 10 to 40 F and viscosities at 210 | 
ranging from 6.3 to 13.4 centistokes, roughly comparable to viscosity of SAE 20 and 
SAE 60. But while the SAE oils decompose at 600 F, the new materials have thermal 
decomposition points well above 800 F. In radiation resistance, the difference is even 
greater—the new oils are nearly twice as resistant as the standard types 

In lubricity, the new oils are reported “as good as mineral oils of comparable viscosity 
it the operating temperature.” Wear on spur gears is similar to that in mineral oils 
practically zero up to the load-carrying capacity of the oil when adjustment of the tooth 
profile is made after application of load increments. 

A full report on the latest tests is being made by Shell scientists to the ASLE. Earlier 
reports—concentrating on radiation resistance and chemical makeup—have appeared in 
American Chemical Society publications. (Look for more on these unusuai fluids and 
their engineering application in next week’s issue 


Production blamed for shaft seal failures 


“Manufacturing excesses” must shoulder the blame for a large number of shaft seal 
failures, says GM’s research lab after a 3-yr study of lip seal leakage 

Using special testing machines, GM researchers found that improper fitting of seals 
to shafts, variations in rubber composition and molding technique, and the finish of 
the shaft itself could all lead to early failure 

In one case, a seal with high trim interference and moderate lip pressure mounted 
on a smooth shaft (2-microinch finish) showed high torque and severe flutter and 
was headed for early failure. Relocating it to a shaft that had a rougher (10-microin 
finish cured the difficulty. The explanation: The first shaft was too smooth to support a 
sealing and cushioning oil film at high pressures 

On the other hand, a shaft that is too rough can actually promote leakage, just by 
providing minute grooves through which the oil simply drains out 

GM's over-all solution is wider use of the two testing machines, in production as 
well as in R & D. Information on them may be obtained from T. C. Van Degrift, Spe 
cial Problems Dept, Research Laboratories, General Motors Corp, Warren, Mich 


New low-cost way to form urethane foam 


\ process that cuts the cost of form 
ing resilient foamed-urethane plastic 
parts about one-third is claimed by Air- 
O-Plastik Corp, Union City, NJ. 

It’s a compression-cutting technique 

1e foam is first pressed or deformed 
with dies, then cut while under com- 
pression, snapping out when the pres- 
sure is relieved to form the desired 
shape Air-O-Plastik has developed 
equipment to perform the necessary 
operations automatically, is now ready 
to produce parts to specifications. 
Among the first: A contoured piece 
that acts as a combination spring and 
icoustical barrier in headphone sets 


VARIETY OF SHAPES producible by 
new compression-cutting technique are 
illustrated here. Rounded pyramid in 
center is similar to part used in military 
headphones. continued on page 8 
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Truarc Pliers speed assembly of tiny 
retaining rings on production line at 
Viewlex, inc. Rings are installed on 
shafts .188” diameter. 





Truarc rings eliminate rejects, cut assembly time 40% 


Production engineers at Viewlex, Inc., Long Island City, N.Y, 
save time, speed work with Waldes Truarc retaining rings. 

On Viewlex Instruct-O-Matic automatic slide projector, the 
top plate assembly utilizes five Truarc Series 5100-18 exter- 
nal rings to secure the lost motion plate to the base. 

Operator above uses Truarc Standard Plier No. 0018 for in- 
stallation and removal of rings in accurately located grooves, 
pre-cut before the assembly is made. Precision engineered plier 
tips grasp tiny rings securely to speed assembly and disas- 
sembly. Pliers are pre-set to avoid over-spreading the rings. 

The original design of the unit called for shoulder rivets. 
In addition to requiring a longer stud, the rivets were diffi- 
cult to control for height consistency. As a result, when the 
rivets were flattened, binding or looseness between the plates 
often caused expensive rejects. For maintenance of the unit, 
it was necessary to scrap the entire assembly. 

Use of Truarc rings assures precise seating of the aap: 
and eliminates rejects caused by faulty riveting. Result: a 
assembly time saving of 40% at Viewlex. Use of Truarc eter 
may achieve similar or greater savings —in labor, machining 
or parts—on your production lines. These versatile fasteners 


TRUARC RETAINING RINGS 


©1900 WALDES KOHINOOR, INC. 
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come in 50 functionally different types, as many as 97 sizes 
within a type, 6 metals, 13 finishes. 

They replace nuts and bolts, machined shoulders, threaded 
collars and set screws, bowed washers or springs and cotter 
pins, and other fasteners and fastening operations. (A wide 
line of semi-automatic and manual Truarc tools are available 
to speed ring assembly). For facts on the entire line of rings, 
tools and application ideas, write for the new Waldes Truarc 
catalogs: RR 10-58 and AT 10-58. Waldes Kohinoor, Inc., 
47-16 Austel Place, Long Island City 1, N.Y. 9.16 


WALDES 


x. TRUARG 


RETAINING RINGS 


Walides Kohinoor, inc., Long isiand City 1, N. Y. 


THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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f DEVELOPMENTS TO WATCH... | 


continued 





Graphite gets another boost 


For the third time in as many months, a new process has been announced that promises 
to make graphite a first-class structural material for high-temperature assignments. 
F ag | 
The latest: A ceramic-type hot-working process which, says National Carbon Co, 
: S|} 
produces a recrystallized graphite with “two to three times the high-temperature strength 
of conventional graphites.” ‘The material, NCC says, is usable to temperatures as 
high as 5500 F,, can be made in almost any size, and shows better machinability and 
thermal shock resistance than pyrolitic graphite, while attaining a comparable density 
; gta} g 
; 2 } 
(as high as 2.16 gm/cc). Development is now underway to produce a range of materials 
for specific applications. 
(For earlier developments mentioned above, see PE—July 18, p 9, and Aug 22, p 8 


New resistors use thin titanium films 


Stable high-temperature resistors are being produced by chemical deposition of thin 
titanium films on ceramic bases, Lockheed Aircraft reports. Using a fused-salt technique, 
thin films with resistance values to 2000 ohms sq cm, stable from —65 to at least 450 F 
have been achieved, and resistance can be controlled during the production to achieve 
specific values. R.A. Quinn of Lockheed has prepared a full report on the develop 
ment for presentation to the Electrochemical Society. (For information on new cerami 
high-temperature resistors, see PE—Sep 12, p 8 


Exploding lamps developed for ultrahigh-speed photography 


Explosive “flash lights,’”” using the same sheet explosives that have opened new paths 
to metal forming and hardening (PE—Dec 5 ’58, p 5) are being developed for high 
speed photography. 

At the SMPTE High-speed Photography Conference, several US researchers described 
units of this type. 

One such lamp is a transparent plastic cylinder, partly lined on the inside with sheet 
explosive and filled with argon gas. It reaches full output in 10 microse« 

Another type combines sheet explosives with aluminized plastic sheeting to make a 
pyramidal “candle” that can cover the range from 10 to 200 microsec 

(For more on ultrahigh-speed photographic equipment and its applications, sec 


PE—Aug 22, p 29.) 


Czechs give heat-exchanger tubes a new shape 
For operation at temperatures’ to 
1830 F and pressures to 140 psi, Czech 
engineers have designed a tube cross 





section for a heat exchanger which, they 
say, can be made of inexpensive ma 
terials. 

The section 'so0ks much like a fou 
leaf clover with scallops. The “clover” 
is produced by a series of webs that 
extend inward from the body of the 
unit (see diagram), and additional heat 
transfer area can be provided by a star 
shaped central element whose arms ex 
tend into the clover channels. The 
outer flow space is also provided with 
fins to produce a convoluted shape, and 
the jacket itself is finned to increase 
heat dissipation. The webs and fins 
also help to strengthen the unit and 











FINNED TUBES can be used where pres- 
sure differentials are high. Webbed struc- 
permit it to stand relatively large pres ture is designed to increase strength and 
sure differentials ARG promote heat transfer. 
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WHAT'S HAPPENING IN RESEARCH... 


New instruments 
for testing thickness 

Two new approaches to the prob- 
lem of measuring thickness of non- 
magnetic and paramagnetic coatings 
on nonmagnetic bases are reported by 
Paul Dick, engineer with GE’s Missile 
& Space Vehicle Dept. 

One unit operates on the principle 
of magnetic reluctance. It takes ad- 
vantage of the fact that a surface of 
a paramagnetic material, when 
brought within the field of a balanced 
transducer, will unbalance the trans- 
ducer and produce an output voltage 
proportional to thickness of the ma- 
terial 

lhe other unit employs the mag- 
theory It has a 
probe, a 
generator, and an 


netic-saturation 
U-shape electromagnetic 
constant-current 
measuring and indicating 
meter. The probe is, in effect, a 
transformer with a magnetic open cit 
cuit. When its two poles are placed 
on a paramagnetic surface, the cit 


electronic 


cuit is completed, producing a volt- 
age in the secondary winding of the 
transformer 
thickness of the coating 

The first instrument, Dick says, has 
1 range of 0 to 0.40 in. and is accu 


4 


rate to +2% of scale The second 


that is proportional to 


has a range of 0 to 0.20 and is accu 
5 ot scale 

A detailed report on design of the 
units is to be published in the 


P.G.1.E. Proceedings of the IRI 


More atoms for research 
New radioisotope 


standbys at lower cost, ar 


ind old research 
promised 
by three recent developments 

@ The Atomic Energy Commission 
cutting the price of radioactive cobalt 
(cobalt 60 


of 100,000 curies or more; 


to $1 per curie on orders 
and is of 
fering discounts of 25 and 50% from 
the regular price ($2 to $4) per curie 
on orders totaling at least 5000 curies 
ictivitv of the 


iwvailable ranges from 1 to 50 curies 


(specific materials 
per gram 

@ Martin Co announces that a new 
purification expected to 
make the transuranium element cu 
rium 242 available for auxiliary power 
future ‘“‘in 


process iS 


production in the neat 
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NEW THICKNESS TESTER is essentially an electromagnet having two 


differentially wound exciter coils and a single pickup coil. 


Area marked A is 


the magnetic region that is under test by the instrument probe 


larger quantities than have ever been 
ivailable before in the US.” There 
won't be a lot of it. But there will 
be enough for research. 

e Abbott Laboratories is arranging for 
direct production of Iodine 131 by 
irradiation of tellurium), expects to 
be selling it at 20% under present 
prices. Material now available is a 
reactor (uranium fission) byproduct, 
is difficult and costly to separate. 


Radiation-opaque gases 
to protect spacecraft 

Spacecraft that spit out gaseous 
thermal shields as they fly are fore 
seen by NASA engineers. 

At Lewis Research Center, they’ve 
been studying the possrbility of eject 
ing a radiation-opaque gas to shield 
aircraft from the heat generated in 
the shock layer ahead of the nosecone 

To do the job, says J. T. Howe of 
LRC, a gas will be needed that would 
have a_ radiation coefh 
cient 3 to 5 times better than that 
of water vapor and 10 times as good 


absorption 


as carbon dioxide. 

At least one such gas does exist, 
cesium vapor; and there should be 
others. Very little has been done so 
far on measuring the absorption prop 
erties of even the commonest gases. 

Ejection of such a gas would re 
duce radioactive heat transfer to the 
vehicle; but the gas itself would be 
come hot, and there would be a ther- 
mal gradient that would increase con 


vective heat transfer to the vehicle. 
However, he believes, this convective 
heating would be less than the radia 
tive heating that occurs without the 
protective gas, and there would be a 


net saving. 


briefs . . . 
Yield strength of Inconel X at tem 
peratures to 1400 F can be more than 
doubled by relatively short, low-tem- 
perature treatments, Langley 
Field researchers report 

Almost 
ultimate strength results in the 80- to 
1400-F range 
4-hour treatment at 1400 F as with 
20-hour solution-annealing 


aging 


as good tensile yield and 


were achieved with 


However, for applications requiring 
lowest creep rates at temperatures of 
1200 to 1400 F 


time, the more-complex heat 


for long periods of 


treat 


ments may still be required 


elongation at these temperatures 
samples given short-term aging 
relatively low. 

A “chunk” effect explains th 

tion in corrosion rate of steel wh 
current is applied from an 

source iy G. A. Marsh 

Schascl, of the Pure Oil Research 
Center. They told last week’s Elect 
chemical Society meeting that they 
believe corrosion under such condi 
tions proceeds partly at least by 
moval of chunks of metal, rather than 
just one atom at a time; and th 
chunk effect may account for mor 


than 50% of the metal loss. ARG 
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Link-Belt roller bearings compensate for misalignment of shafts and supports 


Link-Belt Series 400 roller bearings have won a 
reputation as “the designer’s choice.” These self- 


aligning, double-row roller bearings compensate 


Look under BEARINGS in the yellow pages of 


your phone book. 


Also available in these mountings: 


for inaccuracies in machining and assembly of 
equipment while maintaining full load capacity 
throughout their long life. Their compactness 
promotes simplicity of machinery design—their ‘ones enligs “hiocks. blocks 
easy mounting reduces installation costs. a 

For complete information on the Series 400 
—and Link-Belt’s complete line of ball and 
roller bearings—send for our Book 2550. It’s 
available at any one of the 40 Link-Belt offices. 

SELF-ALIGNING BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1 To Serve Industry There Are Link-Bele Plants, Warehouses, Distr 
and Stock Carrying Distributors in All Principal Cities. Export Office, New York 7; Australia, Marrickville (Sydney), Brazil, Sao Pau 
boro (Toronto 13); South Africa, Springs. Representatives Throughout the World 
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FROM WASHINGTON... 


Nuclear power planned for future space exploration 


Spending on nuclear rocket engines will rise sharply next year. ‘That is the pre 
diction coming at a time when budgets are being prepared. Reason is, the 
government’s space experts have made a basic decision—that long-range space 

They are planning 
10 to 20 years hence for such things as interplanetary space travel. And nuclear 
power is a must for these plans. 


By 1965, a nuclear engine is due te be tested in space flight. It will likely be 
another two to three years before they will be in use, however. As planned now, 
nuclear space rockets will be used as upper stages for launch vehicles with a con 
ventional chemical-fueled first-stage booster 


The big attraction is that almost twice as much thrust can be obtained from 
nuclear rockets as chemical ones. It means they can carry two to three times as 
much payload. 


Spending on nuclear rockets now runs around $30 million a year. But it 
expected to more than triple within the next three to four years 


Active communication satellite in the works 


(he National Aeronautics and Space Administration may start an active com 
munications-satellite program. ‘The matter is being decided now. Right now, 
NASA is experimenting only with passive communications satellites in the Project 
Echo series. The Army is handling the nation’s active communications-satellite 
program with its Courier and Advent satellite series. These are satellites that 
can store and resead messages. ‘Passive satellites are only reflector balloons that 
serve as an object to bounce signals off of. ‘They don’t carry any radio equipment, 


ence require high-powered ground equipmen 
| hig! lg l eq t 


Reason for NASA’s move to get an active communications-satellite program is 
to simplify designs. Unofficially, some NASA engineers argue that military require 
ments being built into the Army’s satellite program are far more than needed for 
straight commercial-communication satellite CThat’s why they want to build a 


stripped-down version 


Manned-aircraft contracts to be let 


[he Air Force has plans to develop a new fighter-bomber. Contracts for the plane 
are expected to be let within the next few months. At least $25 million is eat 
marked for the project in the current budget for initial development 


Known as the “F-X” and also the “F-111,” the plane is billed as the “most 
flexible tactical-type aircraft ever designed.” It is to have a takeoff capability 
within 5000 to 6000 feet: be able to operate off makeshift airstrips; and have an 


intercontinental range without refueling 


Reports are the plane will have a variable-sweep wing design to allow operations 
at both low and extremely high speeds. Some reports claim the plane could also 
be used for aircraft carrier operations 
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How to stop your scales from “stuttering” 


Firestone Airmount” permits precision weighing in spite of surrounding vibration 


In a Phillips Chemical Company pelletizing operation, 


machinery vibrations prevented sensitive weight-trans- 
mitting units from functioning efficiently and accurately. 
Close-tolerance percentages of additive (by weight) were 
time-consuming and costly. Quality control was disturbed 
and production lost. But when a unit was suspended with 
Firestone Airmount the problems vanished. Since then, 
14 similar units with Airmount have been installed and 
more are on the way. Whether you weigh in terms of 
or manually or automatically, Airmount 


brings simplified control to vibration-troubled scales, even 


ounces tons, 
when the load changes radically. And for thousands of 
other industrial problems involving isolation of shock and 
vibration, or even for supplying machinery actuation, 
Firestone Airmount offers a low-cost, long-term solution. 
Without obligation, write Dept. 41-2 today for details of 


how it can serve you. 
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Firestone Airmount,® located at each corner of weight 
transmitter, helps provide vibration-free weighing. 
Whether you make or use scales or weight control ¢ quip- 
ment, Airmount will add to their efficiency. 


AIRMOUNT” FOR INDUSTRY 


Firestone Industrial Products Co., Noblesville, Indiana 
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.pilot operated control valves 


e Built to JIC standards e interchangeable pilots 
e choice of mounting types, optional features e ac or de, 
any voltage e '4 to 1 in. NPT 


SPEED KING solenoid pilot coils, potted in molded 
resin, are unconditionally guaranteed against coil 

burnout for the life of the valve! And, Speed King pilots 
are totally enclosed, and sealed against entrance of 

dirt or moisture ... valves are fully air-operated 

for speed and dependability .. . feature a hard-chrome 
plated stainless steel plunger floating in O-rings, to 
eliminate wear-producing metal-to-metal contact. 

For multi-million cycle dependability, specify Valvair® 
SPEED KING control valves. 


8111-3 


Write tor free Bulletin SK-100 
Address: Bellows-Valvair, Akron 


oh St Bellows -\alvair 


AKRON 9, OHIO 
DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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THE ENGINEERING WEEK 


Britain Fights for a Place in Space 


While the debate on her proper role in space rages on, the UK govern- 
ment is shopping around for Commonwealth or Evropean supporters. 
If such support is found, the now abandoned Blue Streak rocket may 
carry research and communication satellites to space. 


The British 
is looking for partners to help sup 
port the nation’s controversial space 


LONDON government 


program. Negotiations underway in 
Australia between the Australian 
government and Peter Thorneycroft, 
Britain’s newly appointed aviation 
minister, may produce a 
wealth space club by the end of the 


Common 


VCal 


(horneycroft has said, however 
that final decision hinges, in part, on 
talks 


Germany 
isked the 


France and 
British 


Council of 


with 
he 


15-nation 


concurrent 
West 
ilso 


have 


DE HAVILLAND’S BLUE STREAK, 
shown here in a missile service tower, 
Spadeadam, Farnborough, England, is 
similar in size and external appearance 
to the Atlas. It weighs 200,000 lb and 
produces thrust, 270,000 Ib 
from gimbal-mounted 
gines burning liquid oxygen and kero 
Both 


exceeding 


twin rocket en 


sene are sustainer engines 
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Europe to consider setting 
European Space Agency. The Council 
includes Austria, Belgium, Denmark, 
Greece, Ireland, Iceland, Italy, Luxem 
bourg, Holland, Norway, Sweden and 
Turkey as well as France, Britain and 
West Germany. Such a pool could 
boost greater resources than now avail 
able to the US or Russia. 
The program under 
Australia calls for a Blue 
Streak rocket to be launched from 
facilities at Woomera, Australia. It 


would place three satellites in polar 


up a 


discussion in 


. 
+-stage 


orbit to serve as a space-communica 
svstem—-similar to the one pro 
posed by AT&T. According to reports 
from Melbourne 
both 

development, would cost 


tion 


the program, which 
ind = satellite 
about $335 
Bell 
figures its program, for a satellite sys 
$170 


includes missile 


million, spread over 5 years 


tem alone will cost million 
UK space engineers estimate that most 
of this would be recovered in 10 years 
from returns of space communica 
tions 
Research applications, 
the Blue Streak for first stage with 
the Black Knight for the second stage 
rocket, are likewise 
under study. One proposal calls for 
1 2000-Ib satellite to orbit 
earth for 
second, weighing several hundred 
to orbit at 8-10,000 mi for 
the earth’s 


field, atmosphere 


combining 


1 three stage 


near the 
astronomical observations; 
pounds, 
investigating magnetic 
ind radiation en 
ironment; and a third for a 50-100 
lb satellite to orbit with a 100,000-mi 
altitude for 
the sun’s atmosphere 
The 
sented Britain with its worst dilemma 
since the Suez crisis and the birth of 
the European Common Market. Like 
both these events, the 
Ive Britain in the 
world-powet 
stil] 


maximum investigating 


space-program issue has pre 


de« sions mm 
painful task of 

status 
din ided 


three dominant schoo 


ippralsing her 


ibout which Britain is 


| he Te? are 


AMERICAN INFLUENCE from the 
Rocketdyne S-3 is evident in this 
Rolls-Royce rocket engine. However, 
the British model is said to include 
significant improvements, notably in 
the propellant system. Fuel supply of 
the Rolls engine has a fast cutoff that 
the with 
vernier rockets 
nozzle that was in use when plans for 
Streak completed, rather 
bell chambers used on late) 


missile to dispense 


It retains the conical 


enables 


Blue were 
than the 


Rocketdynes engines 


One irently losing 


suggests Britain stop trying t 


of Opinion 
favor, 
uppear to be a third great world powe 
ind concentrate all her R & D on con 
ventional industrial fields. This group 
denies that technological gains need 
the stimulus of national missile and 
rocket programs. It regards the atom 
two othe 


| 
energy and aviation fields as 


status svmbols which have cost dearly 


should be renounced. The ec 
growth and technical prow 
of Germany, the bserve, ha 


whieved without th 


ind 


nome 


? 
een stimulus 
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space but feel she can and must par 
ticipate for technological reasons of 
overwhelming merit quite apart from 
the overtones of prestige and status 
These schools diverge only on the 
scale of a space program. Scientists 
and engineers disagree over whether 
Britain should make her own launch 
ing vehicles with the collaboration 
of Europe or the Commonwealth, 
whether she should buy American 
launchers and fire them 
Woomera or whether she should em 


from 


ploy American missiles launched from 

Canaveral. 
Scientists, 

maintain that the design and manu 


particularly _ biologists, 
facture of launching vehicles will cost 
more than the technological payoff 
They hope savings from. the use of 
American missiles could relieve their 
miserly budgets. 

Engineers maintain that without 
motivation and stimulation of a rocket 
program, many important advances 
having applications in other fields will 
not be forthcoming. Instead, these 
advances will be made by America 
and Russia and used to Britain’s dis 
advantage. And it is unlikely, they 
add, that the money saved would be 
reallocated to science. 

ENGINEERS SEE MANY NEW PRODUCTS 

Emphasizing the engineering view 
point, Geoffrey Pardoe, chief engineer 
of DeHavilland’s weapon research 
told Propuct ENGINEERING 
that his company has created a di 
vision to market an entirely new rang« 
of factory process and automation 
equipment as a result of circuit 
features which were developed for the 
Blue Streak countdown equipment 


group, 


British engineers are especially op 


posed to using American launching 
facilities. Canaveral, they say, is too 
saturated with 


ind military 


America’s own space 
missions to handle a 
And later on 
when rival commercial concerns com 


British research mission 
pete for launching time needed to 
establish a space-communications sys 
tem, the British position will become 
untenable. They also fear that con 
tracts with the US 
they include 


particularly if 
in exchange of know 
how, will include clauses prohibiting 
commercial exploitation outside the 
commonwealth. 

Design and testing of the Blue 
Streak and Black Knight rockets, 
which are basis for the Woomera 


16 


talks, are both well advanced. De- 
Havilland’s Blue Streak is a liquid 
fuel rocket which unites some US and 
British design features. Convair’s in 
fluence is evident in Blue Streak’s ex 
ternal structural appearance, though 
iccording to Mr Pardoe, the missile is 
different from its US 
Manu 
facturing techniques are similar. The 
engines, externally, are virtually identi 
cal with the American-built Rocket 
dyne S-3 motor. Rolls has a licensing 
igreement with Rocketdyne. Guid 
ince details are still highly classified, 


structurally 
counterpart in many respects 


but the inertial-guidance system ap 
pears to be based on a system con 
ceived at the Royal Aircraft Establish 
ment, Farnborough. Sperry Gyroscope 
subsidiary of 


Sperry Rand, is responsible for guid 


Ltd, a wholly owned 
ance 

Blue Streak’s rocket motors were 
test-fred more than 18 months ago 
Since then, there have been many 
successful firings of single and twin 
units at the nearly completed $70 mil 
lion rocket test and development 
center, Spadeadam 

The Black Knight is an entirely 
British liquid-fuel rocket developed 
by the Royal Aircraft Establishment. 
It is powered by a cluster of 4 trun 
nion-mounted Armstrong-Siddeley 
Gamma rockets totaling 20,000-Ib 
thrust, and has been used with out 
standing success to heights of 500 mi 
as the reentry vehicle for the Blue 
Streak program. Every firing of the 
vehicle and its subsequent recovery is 
claimed to have been completely 
successful in all respects 

In the proposed research vehick 


Arc Lamp Tests Experimental 


AKRON, Ouro—Carbon-ar lamps are 


being used to test experimental 
rocket liners developed by the Re 
search Div of Goodyear Tire and 
Rubber Co 


perfecting 


[he project is aimed at 
lightweight high-insulat 
ing rubber liners for fuel casings of 


be flex 


huge rockets. They must also 
ible enough to conform to the distor 
tion the casings undergo from the pres 


ure of combustion gases 
SIMULATES FLIGHT HEAT 


\ carbon-arc image furnace, which 
in generate heat beams of 6500 F, 
duplicates the heat which the linet 


the Blue Streak itself would need 
little modification 


changes to attach the second stage 


beyond nose 


The inertial-guidance system, which 
becomes superfluous, would be 
placed by an entirely British guidance 
system. This system has already been 
developed and its components tested 
The Black Knight could serve sub 
stantially second 
In its space role, the rocket 


unmodified as a 
stage 
would have greatly reduced slimness 
retain the same 


ratio, but would 


motors and propellant capacity. The 


third stage has not been selected 


WHAT PRICE SPACE? 


Io date, the Blue Streak missile 
program has cost the United Kingdom 
$250 million, and the launching com 
plex at Woomera is reported to have 
cost the Australian government $150 
million. In perspective the proposed 
annual expenditure on a space program 
works out to about one-third of the 
British expenditure on the atom and 
just matches a subsidy to Britain’s egg 
farmers 

Advocates maintain that missilry is 
not a formidable item for Britain’ 
But few people, particu 
I'reasury, are confident of 


taxpayers 
larly the 
estimates prepared by Britain’s missile 
industry. Too often, official cost esti 
mates for many of Britain’s missiles 
have proved minute fractions of the 
mighty sums that have ultimately been 
expended. The British treasury 1 
vealed in March this year that the 
first generation of three missiles, esti 
mated to cost $22.4 million, in fact 
yst $308 million—a 12-fold increase 
—John Tunstall, London Bureau 


Rocket Liners 


will encounter in flight. The installa 
tion bounces heat beams off two 
ellipsoidal mirrors that focus on the 
pecimen being tested Control of the 
beams is said to be precise. Because 
radiated heat can pass through glass, 
the gaseous byproducts of the heating 
process can be studied by testing the 
specimen in closed containers 

Liner samples found satisfactory ar¢ 
then further 


rocket. Sensitive instruments wired to 


tested in a stationary 


the liner samples register the re 
sistance of the samples to heat and 
thrust erosion under actual flight con 


ditions 2 
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Photoelastic Rosette Sepa: ates Principal Strains Directly 


PHOENIXVILLE, PENNA Strains 
“frozen” in place are the key to a 
new photoelastic starin rosette that 
provides direct readout of principal 
strain directions and separate strain 
magnitudes. Developed by the Budd 
Company’s Instruments Div, the new 
PhotoStress rosette is a disk with a 
circular hole at its center. A sym- 
metrical strain system is imposed (by 
hydrostatic pressure, for example) on 
the disk material whiie it is at ele 
vated temperature. Cooling the photo- 
elastic material with these loads in 


place locks or “freezes” a predeter 


NO L 
mined circular fringe pattern into the Cae Keres 
disk. 

l’o measure strains in a metal struc the 


ture, th 


distorted pattern Gage is de 


photoelastic mode! is at signed so that separate principal strains 


tached with any common strain-gagc ire directly proportional to fringe 


ae) 


cement The rosette then absorbs movement along these axes The 
movement is measured with a scale. 
Direct 


strains, as performed by the new gage, 


the strains applied to the structure 


ind indicates them by displacement separation of principal 
ind distortion of the fringe pattern 
locked in the rosette (photos above is a departure from conventional pho 


Directions of principal strain are in toelastic analysis Conventionally, 


dicated by axes of symmetry of fringe movement under normal light 


Hydrofoiled Again—This Time at 70 mph 


This 23-ft gas-turbine-propelled hydrofoil vessel, designed to reach 70 mph, is 
intended to be the fastest hydrofoil craft in existence. Called the XCH-6 and 
developed by Grumman Aircraft’s Dynamic Developments subsidiary for the 
Office of Naval Research, the craft utilizes “super-cavitational” principles. (A 
vapor cavity exists in the water around the surface of a moving craft, and 
works against an increase in speed. With super-cavitational propellers and 
foils, the cavity effect is reversed to result 1. increased speed.) Its basic sys 
tem includes two main foils, forward of the center of gravity, that support 75¢ 
of the weight of the boat 
boat, which supports the remaining 25¢ The two main foils are “surface pier 


and one fully submerged rear foil in the stern of the 


ing,” are inherently stable, and can be extracted from the water and folded up 
The VCH-6 also uses a super-cavitating propeller driven by an over-the-stern, 
right-angle driveshaft linked to a 1000-hp GE gas-turbine engine. Mating of the 
lightweight engine and the super-cavitating propeller provides ample thrust. 
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LOAD APPLIED 


incidence mé¢ 

principal strain 

hip between these 

be determined by me other 
be determined by some othe 
usually measurement 

ment under oblique 

For additional details 
photoelectric rosette works, see next 
coming in PE 


—Ford R Park 


week’s articl 


See CL-44’s Sold by Canada 
W ASHINGTON The Defense Dept 
confirms that a Canadian offer to sell 
CL-44 aircraft to the US Air Force 
No details of the 
Canadian proposal, however, are avail 


ible 


But there are two rumors going the 


is “under study 


rounds here on what the deal would 
involve. One is that Canada, in return 
for the CL-44’s. would either buy out 
right US radar installations and related 
electronics facilities in the Canadian 
irctic or assume the cost for operating 
the bulk of the radar warning lin 
ther The other is that no swapping 
vould be involved, that the Cl 
planes would be sold 
directly 

So far there’s no 
yon decision on the 

There IS money 
Air Force’s budget for the CL-44 


Congress added $194 million 


ay uilable in he 
planes 
to the 
transport planes—part of it for Doug 
las C-130E aircraft and part for Boe 
ng’s C-135 ‘ in aircraft of similar 
ipability * 


budget for procurement of 
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FIRST PUBLIC SHOWING of a tape-controlled coordinate drafting machine 
exhibited by Dennert & Pape of Hamburg. Using punched tape, this $25,000- 
machine produces the highly accurate drawings required for optical projectors 


for the inspection of workpiece contours. 
the drawing area with an electrical rectangular grid net 


In principle, the digitizers overlay 
The plan position of 


all accessible coordinate points is always the point of intersection of two de 
terminate lines within the grid, and any pair of lines can be chosen as reference 
axes for ¥ and Y directions. Instrument orients its motions from these axes 


German Machine-toolmakers Jockey 


for More of the Market 


HANNOVER West Germany’s ma- 
chine-tool industry appears to be the 
prime mover in a trend away from 
ill-European machine-tool exhibitions 
ind toward shows staged by individual 
At the next meeting of The 
European Committee (organizers of 


nations 


the biennial European Shows held in 


France, Germany, Italy and Belgium 
some members will press for a length 
ening of the interval to 5 years while 
others will ask that the 
discontinued after 1963. 
But if the 
7 


effectivel 


ventures 


shows b 


national shows are to 
replace the continental 
it’s felt that organizing com 
mittees of the various countries should 
it least seek to coordinate scheduling 
to avoid conflicting dates; Germany’ 
Hannove how, the French exhibit in 
Paris and the US show in Chicago 
were conducted concurrently. 
Officially the reason given by the 
German Machine Tool Assn for in 
jugurating its own exhibitions with 
the one at Hannover this vear was that 


} } 


its members were dissatisfied with th 


space-squeezing, weight-limiting con 
ditions that were met at the Euro 
pean exhibition held last vear in Pari 

By staging an exhibition of their own 
the Ger 
tool makers could shov 


see photos on this page 


man machine 
1 full range of machines without hav 
ng to fight with other 


for exhibition space. 


countrys’ 
manufacturers 
Her ibout 75 exhibitors were 
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iccommodated in 9 large halls which 
in 1957 were used by well over 1000 
Of the 125 foreign ex 
ind Italian 
British 


No Iron Curtain coun 


exhibitors. 
hibitors, most were Swiss 
with a smattering of French, 
ind Dutch 
tries exhibited though they were in 
ittendance at the French exhibition 
PI Oct 10, p 7). 30 keep US 
firms completely out of Hannover, the 
imposed a 
which effec 
tively froze out those European firms 
handling US machines. As US ma 
chine-tool makers are already barred 


exhibition management 


makers-only restriction 


from participating at German show 
this new ruling seems aimed at keep 
ing American equipment at arm’s 
length 

With Hannover admittedly the top 
machine-tool show on the European 
mainland, the Germans may turn their 
ittention to the UK show at Olympia 
before initiating a campaign against 
our Chicago exhibition. The Ger- 
mans are not content to supply the 
world with well over one-third of it 
They 


to be 


machine-tool requirements 


want Hannover eventually 
stamped as the only worthwhile plac« 
in the world for a comprehensive s« 


lection of machine tool 


ON DISPLAY 


At the Hannover show, the crowd 


were drawn by a wide variety of ma 


hines equipped with automatic load 


FEATURES OF THIS BORING, drill- 
ing, reaming and facing machine built 
by Burkhardt & Weber, Reutlingen 
are automatic positioning in three 
directions, and automatic tool change 
from a 30-tool magazine. A decimal 
code is used for workpiece positioning 
and a binary system for tool and 
auxiliary functions. A tape-controlled 
irm removes one tool from the spindle 
and replaces it with another selected 
from the magazine drum. Time taken for 
a complete tool change: Jess than three 
seconds. Other features: preselection 
of 28 spindle speeds, 31 different feed 
rates, plus automatic indexing of the 
table to any of 15 positions. Machine is 
Europe’s answer to Kearney & Treck 
er’s “Milwaukee-Matic.”” Tape control 
unit is built by Hughes Aircraft Co 
who will later install it in ite San Diego 


plant 


DOUBLE-COLUMN VERTICAL BOR- 
ING MILL by Schiess of Duesseldorf. 
Tool is equipped with a program de 
vice to provide completely automatic 
control. After setting stop blocks on 
vertical and horizontal rod assemblies 
and setting up programing board in 
its individual console, the full machin 
ing cycle including feed selection and 
change, speed selection and change 
head movements, turret indexes, and 
all other necessary functions for ma 
chining, are automatically controlled 


ing and unloading After havin 
overcome earlier mechanical and fun 
tional troubles, manufacturers appea 


to hav 


VC lopm nt lines 


idvanced along similar cd 
More or less basi 


types of automatic loaders engineered 
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LONG LINE OF PLUGBOARDS belong to this coordinate 
boring and milling machine built by Berliner Maschinenbau 
of Berlin with automatic spindle positioning. The standard 
machine as shown at Hannover includes coordinate pre 
selector, automatic precision positioning of spindle, pro- 
gram control with coordinate point storage, and automatic 
work cycle. The outstanding extra feature of this machine 
is that its programing control offers progressive steps to 
full control by simply adding building-block control 
elements 


. 








HUELLER OF LUDWIGSBURG showed the Burgmaster 
turret drill with GEC tape control. The drill unit is built 
under license in Germany so that it can be shown at Han- 
nover without breaking the “makers-only” restriction on 
exhibitors. The Burgmaster 6-spindle turret drill is an 
intermediate-size machine with three-axis tape control by 
GEC numerical control equipment. Indexing accuracy of 
turret from spindle to spindle is less than 0.00015 inches. 


to fit certain types of machines or to 
handle a specific component shape 
have emerged. This has had a ten- 
dency to standardize the market 


investment can be kept reasonably 
low, and a high degree of flexibility 
maintained by using standard ma 


chines, standard automatic loading is the Soviet 


THIS JIG BORER made by Kolb of Cologne is fitted with 
a prototype tape control developed by the Aachen Institute 
of Technology. The fully transistorized axis-control system 
functions with optical gratings. Two parallel, graduated 
glass scales are fitted on the table of the machine so that a 
light impulse is given when graduations of the scales pass 
over and under each other. Aachen engineers consider that 
a 2-axis tape control unit could be built for about $4000 


MILLING MACHINE by Bohle of Bielefeld was designed 
for use with tape or plugboard control. The Lorenz reader 
and control system utilizes 5-channel tape as against the 
8-channel variety used predominantly in the US 


Soviet Starts University 
for Foreigners 


Moscow Un thn 


Soviet Union’s new educational head 


Friendship 
quarters for students from under 
developed countries opened Oct 1] 
scheduled (PE—TJuly 25, p 15 This 
ittempt to I 


large number of fore 


TRANSFER-MACHINE MARKET 


Use of transfer machines has not 
spread so rapidly as some prophesied 
back in the early 1950s. ‘This is be- 
cause of Europe’s relatively small pro- 
duction quantity needs. Linked lines, 
though, have gained a great deal of 
ground and some of the configurations 
exhibited here evidenced how capital 
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ind unloading devices, and standard 
conveyor equipment between indi- 
vidual machines. 

Ceramic tooling has not caught on 
‘n Germany but some very high speeds 
engineered into some of the newet 
machines suggest that manufacturers 
are not writing off this kind of tooling 
as a complete loss. 

—Jim Morrison, Bonn Bureau 


building a special 
rather than send 
Univ 
The initial cla Ic] 

from Cuba, Nigeria 
Congo, Mexico, ¢ 
soviet 
going on to thei 


ill will studv Rus 


ind some 





ll 
TRENDS IN APPEARANCE DESIGN | 
| 


LIFESAVER PROJECTILE is designed to be gas-propelled 
as far as 250 yards to a swimmer in difficulty or a man over 
board. Consists of two aluminum shells that contain inflat 
able vinyl raft 12 x 24 in. Nose section houses a firing mech 
anism which, upon impact with water, breaks two capsules 
of CO,, inflating raft. Will stay afloat a minimum of 8 hr and 
was designed by (from left) Marshall Corroza and Thomas G 
Dulin, Philadelphia Museum College of Art, to support at 
least two people weighing up to 250 Ib each 


DESIGNED FOR FISHING in quiet 
waters normally inaccessible for a 
boat, the “Polliwog” weighs 27 lb 
and folds to a size roughly compa- 
rable to a two-suiter. It is con- 
structed of aluminum sheet bonded 
to vinyl (see sketch). John E. Thom- 
son, the designer, graduated last 
August from the University of 
Illinois, is shown here carrying, 
opening, and using his craft. 


ALCOA’S SECOND ANNUAL 
STUDENT 
AWARDS 


This year awards were made to six 
students of industrial design by Aluminum 
Co of America. Each of the winning entries 
is from a different school, and represents 
each faculty’s judgment of the best solu- 
tion to a design project: the development 
of a feasible product entailing the use of 
aluminum. 


Here are the six winners, with their 
schools and their winning designs: 


MARSHALL CORRAZZA, THOMAS DULIN, 
Philadelphia Museum College of Art, 
life-saver projectile 

S JACK MAGRI, Syracuse, water sports 
vehicle 

DALLAS MOLERIN, University of Bridge- 
port, shelter 

ANDROUS D NoyES, Pratt Institute, 
wiodular swimming pool 

TAKATSUGU SUGIYAMA, Illinois Insti- 
tute of Technology, ribbon chair 
JOHN E THOMSON, University of Illi- 
nois, collapsible boat 


L EXTRUSIO 


—1 Wie 


JOINT DETAIL 





SHELTER for as many as four adults has storage capacity for a two-week’s 
supply of minimum necessities. Consists of two accordion-pleated shells, 
which can be used separately or with space between filled with foamed-in- 
place insulation. Can be buried with only entrance hatch showing, par- 
tially buried or tied down for anchoring, or simply set down on open 
ground. Can be shipped knocked down or transported to site fully assem- 
bled and provisioned by helicopter By allas Molerin, University of 
Bridgeport 


MODULAR SWIMMING POOL 
pandable and car e di en 


moving Cons 

sheet modules f 
and rectangle hes ‘ ined by 
bending edges % butting them and 
fastening them together mechanically 
using a gasket-type seal Androus D 
Noyes, Pratt Institute 

pool for above-grou 





ALCOA STUDENT AWARDS. .oniinued 


INTENDED FOR WATER SPORTS and as 
an offshore operating base for skin divers 


top and 


Ss 


RIBBON CHAIR 


continuous 
Material is 
Takatsugu 


Institute of 


is presently 


vehicle also enclose its outboard 


bottom aluminum shells of this 


motor. By 


Jack Magri of University of Syracuse 


was designed to be fabricated from 
aluminum strip 


with a minimum of scrap 
14-in-thick 6061 sheet, T4 or T6 temper 
Sugiyama, graduated from Illinois 
Technology, has returned to Japan and 
working as a designer there 


now 


A +h ott - 
Ie P| AP 
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custom designed SPRING FASTENERS come to grips 
 — with those tough problems 


COF PHILADELPHIA 


Of course you'll want more than just imagination when you need a spring fastener designed for your 
product. You'll want a thoroughly dependable source . . . you'll want consistently high quality . . 
you'll want on-schedule delivery . . . you'll want superior service! 
For complete satisfaction from design to delivery . . . consult GARRETT of Philadelphia. . . 

since 1933 the House of Superior Service. 

AT GARRETT : 

Skilled, imaginative engineers expertly design special fasteners of unusual design for O.E.M. applications. 

Special design samples are available promptly from our Research and Development Department. 


Flat nuts, ‘J’’ nuts and “‘U"’ nuts are stocked in ample quantities and sizes, both cone and twin-prong 
impressions; also rectangular and round push-on nuts. 


Quality is rigidly controlled ... at every step . . . using the most precise techniques. 


Every ee step is performed in the GARRETT factory . . . under one roof. Nothing 
sub-contracted . . . no divided responsibility. 


For further information, write GARRETT . . . THE MOST COMPLETELY INTEGRATED PLANT IN THE INDUSTRY, 


» GEORGE K. GARRETT COMPANY, INC. 


8853 TORRESDALE AVE., PHILADELPHIA 36, PA. 
OTHER QUALITY PRODUCTS BY GARRETT 


helical spring lock washers flat washers stampings hose clamps spring washers 
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HIGH MACHINABILTY 


WHIRLPOOL CORPORATION uses .314” diameter 
Republic Cold Drawn Stainless Steel Bars (Type 416) 
for water pump impeller shafts in 1960 RCA Whirl- 
pool Dishwashers. Shafts are turned and threaded on 
one end, knurled on the other, cadmium plated, and 
pressed into die cast impellers. Republic produces 
more than 40 standard types of stainless steel. Send for 
these free booklets: (1) HOW TO FABRICATE... 
(2) HOW TO WELD... (3) HOW TO MACHINE 
. . » Republic Stainless Steel. 


THE CRANE CO. used Republic Titanium in the 
production of valve components for Freeport Nickel 
Company’s new $119,000,000 nickel-cobalt process- 
ing facilities. Titanium was cut, ground, tapped, spot 
welded, heat treated, and hand forged. Use of Republic 
Titanium permitted close-tolerance machining with 
considerably fewer rejects than anticipated. Titanium 
metallurgists help you select and apply the grade best 
suited for your needs. Send for data. 


3-DIMENSIONAL METALLURGICAL TEAMS: 


Republic's mill, field, and laboratory metallurgists and 
machining experts help you select and apply the metal best 
suited to requirements. Mail coupon for details on this con- 


fidential, obligation-free service. 
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(for Whirlpool...for Crane 
.. for Eclipse...for you) 


ECLIPSE MACHINE DIVISION, The Bendix Cor- 
poration, uses Republic Cold Drawn Alloy Steel in the 
production of drive pinions for automobile starters. 
Type 8617 bars are blanked, hobbed, chamfered, and 
drilled. Teeth are cut on a gear hobber and pointed 
for easy meshing with the flywheel. This cold drawn 
alloy gives Eclipse better machinability . . . reasonable 
cost... added strength and dependability. Send 


for details. 


REPUBLIC STEEL 


Wales Wider Range 


| of Studland, Stiels and, SC, Queda 


HUNDREDS OF EQUIPMENT BUILDERS have 
switched to Republic ELECTRUNITE® Hydraulic Fluid 
Line Tubing. This welded tubing is easier to flare and 
bend . . . meets or exceeds the normal life of tubing 
produced by any other method . . . offers appreciable 
savings in initial cost. Available in all sizes shown in 
the JIC Standards Book. ELECTRUNITE is made from 
close-tolerance, flat-rolled steel. Checked for defects 
as only flat-rolled steel can be checked. Send coupon 
for copy of specifications. 


REPUBLIC STEEL CORPORATION 

DEPT. PE-9977-A 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send: 

0) STAINLESS STEEL BOOKLETS 
(How to fabricate weld. machine) 

0 SPECIFICATIONS FOR ELECTRUNITE HYDRAULIC 
FLUID LINE TUBING 

0D INFORMATION ON METALLURGICAL AND 
MACHINING ASSISTANCE 

0 INFORMATION ON COLD DRAWN ALLOY STEEI 

Have a metallurgist call: 


CJ Stainless Steel C) Titanium [1] Cold Drawn Alloy Steel 


—EEE Title 
Company = 
Address 


City 





Engineers or Indians?— 
The “Super Chief's” Rebuttal 


To the Editor 
I would like to address this letter, M: 
itor, not to you, but to the writers of 
letter entitled “Engineering Caste Sys 
im your issue of Sep 19, p 28. Jack 
ind Robert Sheehan, in this letter, 
1 to the cover photo on your Jul 
vhich depicted myself and sev 
members of Marchant’s eng 
lepartment arranged around a 











s Rogers and Sheehan wrote a trul) 
interpretation of this photo, de 

the “Indians in shirtsleeves” at the 

‘four lesser chiefs, toward the 

I in their identical gray-flannel 
status symbol and the “Super Chief” 
myself) at the right “in full-dress blue 
serge paraphernalia.” The writers then 
| il | t h ti went on in more serious vein, presenting an 
n ro C u C cam sec ion ees articulate plea for elimination of class dis 
tinctions, and for better recognition of 

a -4 engineers as true members of management 
KENNAMETAL Grade K inserts I would like to say to you, Mr Rogers and 
Mr Sheehan, that I am very glad that vor 

went to the trouble, in the serious portion 

outlast steel io to 1 of your letter, to express an nnportant 


point of view which is imperfectly appr 


Roll clutch cam section of automatic screw <:nachine. Six inserts of 
Kennametal Grade K92 are used at point of great impact. 


iated today, most often by engineer: 


Carburized and case-hardened steel inserts used at a point of hounsdives, ‘This ts Ghat cnstnantine 
great impact on an automatic screw machine were averaging fundamentally a planning function, which 
3.5 months’ service. Replacing the inserts was a 4-to-5 hour is the most distinguishing characteristic of 
job for the machine user. ” The —— © —_ : 
Then, 29 months ago, the manufacturer installed a set of . . z Dre — elgg at ee Fe 
Kennametal tungsten carbide inserts on a machine as a test. upon a whole chain of human activit 
The first set installed is still going strong, and has eliminated vhich follows him. He must, at ev 
more than 30 hours’ downtime. point, balance a host of conflicting nec 
Recognizing how much customers would welcome this out- ind —_ Y eee ys m to 
standing decrease in maintenance, this customer now uses Sedan (bis cheaiaen \ Ean le 
Kennametal inserts as original equipment and replacement liable, so that the customer will be 
service parts for this model. In addition, plans have been made fied with the product; (b) be economical 
to extend the use of Kennametal for wear parts on other to produce, which involves a whole array 
machines they manufacture. f subrequirements—that it be easy to 
> , ban make, easy to assemble, and easy to ad 
The Kennametal family of hard carbide compositions con- west ey ip ys eng n,n 
tains many different grades. In this application, Kennametal lo all this while constently being in 
Grade K92 was selected for its medium hardness (87.5 RA) mind that he must also be economical of 
and high transverse rupture strength (385,000 psi). Chances his wr efforts, so that this perfect design 
are K92, or one of the other Kennametal Grades, can solve 7 Me ee bggee - ~~ * ga 
one of your machine design problems. Why not find out more aller aaa sails al te tie elle cael 
about this metal that has remarkable resistance to impact, to identically the same pressures as the 
abrasion, corrosion, extreme temperatures and pressures. Con- president of the company, and must resolve 
tact your Kennametal Representative or write us direct for them with the same objective in mind 
Bulletin B-111-B, “Properties of Kennametal,” and Bulletin 3 p~! a perpetuate 
B-666, “Proven Uses of Kennametal and Kentanium.”* | I the skelaees fails to do his job right, 
KENNAMETAL INc., Department PE, Latrobe, Pennsylvania. ind does not resolve the conflicts in ways 


} 


*Kennametal is the registered trademark of a series of hard carbide alloys of tungsten, tung- which are consistent with the above obje 

sten-titanium and tantalum. Kentanium is the registered trademark for one of the series tives, the entire organization wavers and 
‘ i i ™ t icati > ing a li or we aterial aximur 

that has special advantages for applications reauiring a lighter weight material, or ma ’ in the end can even flounder compl tely 


2aFo 
resistance to temperature extremes 33520 tt 


is the constant demand upon the eng 
neer to make these decisions, which no one 
else can make for him, that stamps him 
is a true member of management 

I can tell from your letter, that our 
thinking is identical on this subject. How 
ver, your letter only presented the basi 
omplaint against class distinctions, and 
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failed to offer practical means by which 
your objectives might be achieved. I am 
certain you do not visualize a world in 
which every person receives an identical PARCO PROBLEM PROBERS 
ompensation, regardless of contribution 
or where no person ever possesses even the ff) 
slightest item which might be interpreted SPECIAL SILICONE 
is a status svmbol. Such a world would ee@aas 
not be real, and therefore I am sure you 
recognize that there must be differences MOLD COSTS FLIMINATED 
hese differences can only be based upon 
level of contribution, which in turn is con 
trolled by a large array of other factors 
Some of the more obvio #f these factors 
experience, ingenuits rationality 





thoroughness, education, desire, and by no 
ins least, an accumulation 

hich puts a person into a p 

1¢ is required, by the natur 


ponsibility, to exercise an un il amount —O.“ 
f control over project matt ‘ VAS 








ompanied by differing 
id in this regard, most 


they have been fairl 








that their compensation 
ng with national and regional standard 





ind that their own spe ial attributes have 


taken into account 1 rriving the 


n 
al salary. There ar 
Mien with supervisory 
rivate offices, so that mn 
nfidential nature may be 
tial. No person likes to 
plinary action in full publ 
practical to take a man int 
om somewhere every tin 
atter must be discussed 
And what of the effect 
nan just entering the orga 
overs that t compan 
nough of its engineering 
them with higher 
and other privileges? 
seck out a different 
ich will offer him what he 
erm “growth opportunities 
This still leaves us with the basic que 
mn of just how we are to make concrete 


; 


pression of the fact that the engineer 

ndeed. a member of management If the cost of furnishing special oversize molds has deterred you 
rst, we must do all the obvious things from using silicone custom molded rubber parts and “O” Rings in 
h this matter of a fair i proper salary your product design, Parco has a ready answer for this problem 


head of the 1 a we mast gee 


7 


Parco scientists and engineers have now developed new compound 
stablish a “profess ona itmos 


S Resihell , ing methods and production techniques which make it possible to produce both 
which include such ifems as 


ence of time clocks: a minimum of reg 
ntati profess! societ \ eT 
chip YP nr com rapes co Men “a shrinkage during molding.C) These new silicone compounds with mold shrink 
1ccept the maximum level of responsi age comparable to that of organic polymers, meet AMS and MIL Specifications 
bility possible, so that an individual’s hori in durometer hardness ranges from 50 to 80. Operational temperature range of 
zons can be ever-expanding; and a continu the silicone products is, conservatively, from —70 to +480° F O Enjoy the 
ing effort to keep engineering personnel advantages of using silicone rubber products minus the extra cost of the special 
informed concerning company activities 
and objectives. Not onlv this, but we must 
offer a mode of advancement to the tech- 
nical man who may not be fitted for ad 
ministrative work, or who may not desire Plastic and Rubber Products Company 
Such a mode should offer equivalent Send for @* # | 2100 Hyde Park Bivd. + Los Angeles 47, Calif 
salary and so-called “status symbols” as | your latest eae aoe Ene Oe eee | 
though the man had moved over into en Parco Slide Rule 
gineering administration. This parallel * 
“technical ladder” obviously must cut off | Plastic and Rubber Products Company 
somewhere below the level of the presi —— 2100 Hyde Park Boulevard 
dent's salary Los Angeles 47, California 


silicone molded rubber parts and “O” Rings in molds previously designed for 
standard parts. This eliminates the need for special oversize molds to allow for 


ized tooling formerly required. Consult with Parco engineers 


+ 


This leads us to another means by which 
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This mark tells ycu a product is made o1 modern, dependable Steel, 


Tile production boosted over 100% with belt grinders 
using LORIG-ALIGNER self-centering rolls 


The Arketex Ceramic Corporation, Brazil, Indiana, produces load-bearing architectural tiles to within 


” 


lie” tolerance to the 15%4” overall length. Both ends are ground or sized before glazing and firing. 


Mr. Ralph Weston, Vice President in charge of production, says, “Originally the production line 
required hand grinding and delivered 5 to 10 tiles a minute. This was too slow. Next, we installed two 
emery wheels facing each other across the production line. Output went up to 11 tiles per minute but 
this was still not enough to satisfy us. In our search for higher efficiency, we called in the Ryman 
Engineering Company of Pittsburgh, a licensee for LorIG-ALIGNER rolls. They recommended installing 
two belt grinding machines so that both ends of the tile could be ground automatically at the same time.” 


In designing the belt grinding machine, Ryman Engineering used LoriG-ALIGNER self-centering rolls 
to keep the belts in perfect alignment. Production jumped, labor costs were reduced. The savings 


are obvious. 


As a matter of fact, belt alignment was so perfect after installation of the Lor1G-ALIGNER rolls that 
it was possible to install an oscillating feature. In this way, the full grinding face of the belt could be 
utilized. Arketex was so pleased with the efficiency of this machine that they later so equipped two 
additional lines. Similar grinding equipment is now under study for other products. 

Loric-ALIGNER self-centering rolls with their built-in centering action also have hundreds of applica- 
tions in industry where conveyor belts are used or where continuous sheets of material must be kept 
in positive alignment. Steel or rubber-covered rolls are both designed to supply this action. These are 
obtainable from licensees for LORIG-ALIGNER self-centering rolls whose names will be supplied on 


request. For more information, send the coupon. USS and LORIG-ALIGNER are registered trademarks 


United States Stee! Corporation — Pittsburgh 
Columbia-Geneva Steel — San Francisco 
Tennessee Coal & iron — Fairfield, Alabama 
United States Stee! Export Company 


United States Steel 


Mr. Raiph H. Weston, Vice President in charge of production at Arketex, 
compares rough, unfinished tile (top) with stack of accurately ground tiles. 


United States Steel 
Room 6064, 525 William Penn Place 
Pittsburgh 30, Pa. 


Please send your booklet ,"‘LOR/IG-ALIGNER Self-Centering Rolls,''to 


Company 
Address 


City Zone State 


Please Print) 
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In a typical application of the POST Diazo Materials Selector Chart, a 
draftsman, supervisor and reproduction specialist solve a special print-making 


problem in short order. 


Solve unusual 
reproduction problems 
with new Diazo 
Selector Chart 


Keeping up with rapid developments 
in graphic reproduction and com- 
munication techniques is a difficult 
job these days, even for the experts. 

From the engineer’s and drafts- 
man’s point of view, it’s largely a 
matter of sorting out the specific 
information which helps him do a 
better job. 

The new Post Diazo Materials 
Selector Chart does just that—pro- 
vides a condensed, tabular reference 
piece that helps you anticipate the 
ideal diazotype prints for various 
needs before they occur. This con- 
venient chart gives brief informa- 
tion on sensitized papers, interme- 
diates and specialties in terse ‘‘ what, 
when, why and where’”’ style. 

If you’re concerned, for instance, 
with print distribution to different 
departments, units or groups, then 
prints on a variety of colored stocks 
might be the answer. 


Increasing print production from 
diazo equipment with a lower-power 
light source making legible 
prints from worn old tracings . 
even making copies from an opaque 
print . . . all can be handled by use 
of new Post 206M-14, a fast, extra- 
sensitive whiteprint paper. 

Suppose a design conference calls 
for a poster, actual size, made from 
a large engineering drawing, rigid 
enough for display, tough enough 
for extreme handling and on-the- 
spot sketches? Post diazo-sensitized 
cardstock in 32 or 50 lb. weight can 
turn the trick on standard reproduc- 
tion equipment, ammonia process or 
semi-moist. For many more helpful 
solutions to similar situations, ask 
for your personal file-size copy, of 
the Post Selector Chart, available 
from your Post dealer or Frederick 
Post Company, 3642 North Avon- 
dale Avenue, Chicago 18, Illinois. 


ZED PAPERS & CLOTHS @ TRACING & DRAWING MEDIUMS @ DRAWING INSTRUMENTS & SLIDE RULES 
GINEERING EQUIPMENT & DRAFTING SUPPLIES @ FIELD EQUIPMENT & DRAFTING FURNITURE 
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READER TO EDITOR. 


. continued 


we can make an engineer feel that he is 
identified with management, and that is 
to make public recognition of his contr 
butions. However, it surely is apparent 
that such public recognition must be based 
upon something universally acknowledged 
as a major contribution, or else it loses its 
because of insufficient cause, or 
questionable motive. With regard to the 
n question, we felt that, by 
individuals, we would 
be providing exactly the sort of public rec 
ognition we are talking about, and in 
effect would be letting the world know 
that here is a group of whom we are 
proud—proud because they worked hard, 
long, and effectively to accomplish a dif 
ficult task in commendable fashion. Ever 
man in that group made direct, personal 
contributions to the final successful intro 
duction of the Transflo calculator, and 
furthermore, knows that his own work 
played an important and vital part in the 
total effort. The unfortunate thing, Mr: 
Rogers and Mr Sheehan, is that what you 
have mistaken as a rigid portrayal of class 
distinctions, was in reality a photographer 
desire to achieve photographic “balance 
and composition interest 
And this, gentlemen, brings me to th 
only real bone I have to pick with yor 
At the time of the taking of the phot 
the shirtslee\ matter was the butt of 
everal jokes, and I even recall the remark 
\t least this way people will know wh 
really did the work,” and for the life of 
I can’t recall if the remark came from 
Chief” or an “Indian.” At any rate 
the whole thing was passed off lightly, and 
is of no consequence. But now, with ever 
man in that photo reading your letter, the 
uddenly and unnecessarily 
ssumes am unpleasant aspect, and may 
make some readers wonder if there isn’t 
something there that 


punch 


cover picture 


so honoring these 


? 


imbalance 


whole thing, 


requires worrying 
about 
Thus it is that I feel compelled to rey 
to your characterization of us as a clas 
onscious, schism-ridden group of status 
eekers. I would not want anv member of 
my staff to think that, by my failure to 
inswer your allegation, I was silently a 
knowledging its truth. I do not mind 
personally being made the butt of a jok 
since I have as good a sense of humor a 
the next man, and possibly better than 
most. But I do feel that I must object to 
the inference, directed at my associates 
that I might regard them as second-class 
citizens. Such a thing would be the com 
plete reverse of all the ideals we have 
striven toward here at Marchant 
Nevertheless, I wish to thank you for a 
few moments of good-natured laughter 
and most especially for the very funda 
mental and serious point of view you 
presented. I hope you may find in the 
above paragraphs some seeds of thought as 
to how these ideals might be further ex 
pressed, to the mutual benefit of all 
—Jonn D Kemprr 
Vice-president—Engineering 
Marchant Div of 
Smith-Corona Marchant Inc 


@ Our editorial, p 51, further discusses this 
subject—Fd 
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Reviewing a Review 


To the Editor: 

The review of my book The Story of 
Engineering, (Doubleday-Anchor) in your 
July 25th issue, p 52, has just come to 
my attention. In spite of the fact that 
it was clearly stated in the preface that 
this story was covered only “in outline- 
survey form” and that (even in a book 
of 528 pages) this involved “a major prob 
lem of selection and condensation” and 
“the omission of many details of interest 
to the engineer,” your reviewer appears 
to feel that “the chief drawback” to the 
work is lack of depth. I agree that it 
ould be easily expanded not only into 
several volumes, as he suggests, but into 
1 five-foot shelf of books. Such a “‘i 
brary,” however, would be excessive in 
ost, defeating the major aim of the work, 
namely the production of an inexpensive 
review and summary of the rise and devel- 
opment of the engineering profession 

Your reviewer remarks, “The term en- 
gineer is relatively new (in the old days 
they were called mechanics).” If he will 
turn to page 82 he will note that the 
title “engineer” has been in use for close 
to a thousand years and that the name 
engine had originated some seven or eight 
enturies earlier. I know of no use of the 
ilternate title he suggests (“mechanics” 
except in Greece. “In the old days” the 
professions we know today as architecture 
ind civil engineering were one, and the 
titles used were architekton, architectus or 
wchitect—namcelv _ chief-technician 

James K Fincn 
NYC 


COMING EVENTS 
OCTOBER 


16-21 . .. Society of Motion Picture 
and Television Engineers, International 
Congress on High-speed Photography 
Sheraton-Park Hotel, Washington 


17-19 . . . American Society of Lubrica 
tion Engineers jointly with ASME, 7th 
Annual Lubrication Conf, Statler-Hilton 
Hotel, Bosten 


17-21 . . . American Society for Metals, 
National Metal Exposition & Congress, 
Trade & Convention Center, Philadel 


phia Cincinnati gears are GUARANTEED to meet specifica- 


i i operate the most 
19-21. . . Society for Experimental tions exactly. Our skilled craftsmen ope s 


Stress Analysis, Mechanisms in the Nu up-to-date precision machines for gear cutting, finishing, 
lear Age, Univ of Calif, Berkeley 


and inspection. And our unique production control as- 


20-21 ... Armour Research Founda 
tion, National Conf on Industrial Hy 
draulics, Hotel Sherman, Chicago 


sures delivery as promised. 


Send for NEW 32-page Technical Brochure | _,..cin=st 


Geer: 


23-26 . . . American Gear Manufactur 


ers Assn, Annual Meeting, Edgewater THE 
Beach Hotel, Chicago 
25-27 . . . SAE, National Transporta ( IN(< INNA I I 


tion Meeting, Hotel Leamington, Minne 


—_ GEAR CO. 


27-28 . . . American Society of Indus Wooster Pike and Mariemont Ave. Cincinnati 27, Ohio 
trial Designers, Annual Conference, Edge ® Custom Gear Makers Since 1907 


water Beach Hotel, Chicago GEARS, good gears only 
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odd shapes 
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VULCAN 
TUBULAR 
HEATERS 


Vulcan Tubular Heaters can be 
formed into an endless variety of 
unusual shapes to provide a lot 
of heat in a little space. They are 
easily cast into aluminum or other 
metals. They are ideal for immer- 
sion in liquids, soft metals or 
molten salts. Straight tubular 
heaters are readily clamped to 
metal surfaces or inserted in ma- 
chined grooves. And they can be 
furnished with flattened surface 
for even more effective heat 
transfer. 

Vulean Tubular Heaters are 
available in a wide choice of 
lengths 10” to 185” (special, 
shorter or longer); diameters 
.250”; .280*; .333”; .450”; .496 
540”; wattage — 10 to 10,000 
(or higher); voltage standard 
120, 240 or 480; special 6 to 600 
(or higher); sheaths — copper, 
steel, aluminum, high tempera- 
ture alloys. 

Write for catalog and prices. 

















VULCAN ELECTRIC COMPANY, Danvers, Mass 
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The following problems have been extracted from a list compiled by the 
Army Medical Service and recently published under the direction of the Chief 
“Problems Guide, Vol III Medical 


Service,” is one of a series of 8 such publications devoted to problems encoun 


of Army Research and Development 


tered by each of the Army’s branches. Industry requests for copies of the 
Guides must include proof of security clearance (where necessary) and a state 


ment of the company’s research capability. Proposed solutions to the follow 


ing problems should be addressed to Commanding General, US Army Medical 
Research and Development Command, Main Navy Building, Washington 
25, DC 


. a compact folding microscope with built-in light for use in medical held 


It should be suitable for examining blood smears (for diagnosis 


—_ 


installations 


} 


of malaria), blood counts and routine laboratory diagnostic work, and should 


be packaged in a compact, waterproof containet 
5 I 

ae a constant-temperature, multipurpos: mtainer for medical suppli 

Medical units operating in forward ar in urgent need for a container 

that can be used either as a refrigerator, a blood-storage facility, or an incubator 

should be light, well insulated, and 


powered by a self-contained sourc will operate the unit for prolonged 


for bacteriological or serological tests 
periods without recharging 


range, casualty marker that 


medical aid men to injured 


personnel \ 


wounded men could be saved if found 


significant number of 
oon enough to evacuate them to medica 
I'he problem is pat 
in jungle and arctic wat 
ll night-time operation 
in urgent need for a small, light 
weight casualty marker with a range up to 
300 yard Range must be adjustable 
so that the marker can be set to radiate only far enough to reach the man’s 
own line but not far enough to notify the enemy of the extent and d bu 
tion of casualties. 


+ 
t 


. a self-propelled litter—capable of carry 1 patient at walking speed 
with sufficient power to climb slopes 30° under the guidan 
attendant 


that location of casualties is not disclosed by motor -noise 


The propelling mechanism must be silent or muffled to th 


. a spray-on material suitable for temporary external splint \ quick-setting 
plastic material that could be sprayed from an aerosol container could be used 
to immobilize fractures in the field prior to evacuation by litter carrier or field 
ambulance 


A similar product might also be used as a emipermanent splint o1 


cast. 
a field hospital bed that 


in be transporte ompactly, set up quickh 


discarded after use. It has been suggested that a serviceable bed might b 
made from a semirigid plastic foam molded on the spot in a collapsible mold 
Such a bed would be light, durable, and have a surface soft enough to serve as a 
mattress. ‘The foam must be impervious to blood and other body fluids but so 
cheap that the bed could be abandoned or destroyed when the medical unit 


was displaced. 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade such problems with fellow readers who 
have a fresh viewpoint or more time to experiment. We pay $10 for each one accepted. 
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good reasons 
why it pays to specify 
American Steel & Wire 
for all of your 
stainless steel wire needs 





good reasons why it pays to specify American Steel 


The latest in controlled annealing methods 
enable us to produce uniform properties in 
stainless wire that assure consistent perform- 
ance on your equipment and in your product 


By using modern welding techniques, we can turn out continuous coil weights as heavy 
as 500 pounds to suit your particular needs. Heavier coil weights reduce down time on 
your machines, speed handling of material. 


After drawing, the wire is again inspected to 
make certain that the gage and finish are 
exactly as specified. 


To insure the gage of your stainless is consistent from end to end, it's checked con- 
stantly during the continuous drawing process. ASW's wide range of modern, precision 
drawing machines can turn out everything you need in type, size and finish. 





This mark tells you a product is made of modern, dependable Stee! 


Stainless 
Steel 


‘+ 


& Wire for all of your stainless steel wire needs 


Up-to-date salt and acid bath techniques and equipment guarantee the smooth, 
clean wire surface so important to the finished quality of your product. After 
cleaning, coatings such as this electrolytic copper coating are often applied 


to make your job of fabrication easier 


During processing and at finished 
size, our stainless wire is tested for 
tensile strength and other properties 
to make sure it meets specifications. 
Such tight control insures quality. 


To insure supply and fast delivery, we 
stock 300 to 400 tons of cold heading 
stainless wire in addition to a heavy 
tonnage of other stainless steel wire 
items at all times. 


Our stainless steel wire service is 

second to none. In addition to our regu- 

lar salesmen, we have special Stainless 
Steel representatives in your area who have 
both engineering and mill backgrounds. They 
know metals, they know production. Their as- 
sistance can be invaluable to you in solving the 
really tough ones. Call your nearest ASW 
Sales Office today. If you like, we'll have a man 
out to see you at your convenience. Or if you 
prefer, write American Steel & Wire, Dept. 0387, 
614 Superior Avenue, N.W., Cleveland 13, Ohio 


American Steel & Wire 
Division of 
United States Stee 


Columbia-Geneva Stee! Division, San Francisco, Pacific ( 
Tennessee Coal & Iron Division, Fairfield, Ala itherr 
United States Steel Export Company, New York 





SINGLE STRAND, HEAVY SERIES 


DOUBLE PITCH TRANSMISSION 


DOUBLE PITCH CONVEYOR 


DOUBLE PITCH CONVEYOR, LARGE ROLLERS 


36 


CALL THE TRANSMISSIONEER — your loca! Dodge Dis- 
tributor. Factory trained by Dodge, he can give you 
valuable help on new, cost-saving methods. Look under 
Dodge Transmissioneer” in the white pages of your 
wr in the yell 


telephone directory »w pages under 


Power Transmission Machinery.” 
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DopceE Quality Roller Chain, 
teamed with Dodge Taper-Lock Sprockets, results in chain drives 
and chain conveyors that have the precision, efficiency and stamina 


necessary for the real economy of Jong life. 

Moreover, Taper-Lock’s reusable bushing makes a difference 
in overall cost. The ease of Taper-Lock mounting, the elimination 
of reboring, keyseating, and wasted time, add to the saving. Pre- 
cision machining and true articulation lengthen the life of both 
sprocket and chain. 

The Dodge line of chain, including standard attachments, is 
extensive. It meets a high percentage of all chain requirements 

In the Double Pitch series (both Transmission and Conveyor) 
the sizes which require special spacing for perfect tooth action are 
offered from stock in special double pitch design — to double 
the life of the chain and the sprocket! 

Ask your local Dodge Distributor. Or write us for bulletin. 


DODGE MANUFACTURING CORPORATION, 1200 Union St., Mishawaka, Ind 


of Mishawaka, Ind. 


CIRCLE 37 ON READER SERVICE CARD-> 

















FLUOROCARBON RESINS 


ENGINEERING FACTS ABOUT 








NUMBER M-10 
IN A SERIES 


MECHANICAL 
DESIGN 


Bearings 











Pump bearings of TEFLON’... submerged in 
nitric acid...work where lubrication is impossible 


Design engineer’s problem: Given—a vertical centrifugal pump, 
to operate in a nitric acid environment, at 3,450 rpm; conven- 
tional lubrication impossible because of contamination prob- 
lems. To find—a bearing material, self-lubricating, to function 
under corrosive conditions for long periods of time. 

Solutic Pump bearings machined from pure, non-porous 
stock shapes of Du Pont TEFLON TFE -fluorocarbon resins, The 
exceptionally low coefficient of friction of TEFLON makes lu- 
brication unnecessary. And TEFLON resins are completely inert 
to virtually all chemicals, including nitric acid. In the cen- 
trifugal pump shown above, the two halves of the bearing are 
designed to open up at increasing speeds, providing free-float- 
ing bearing action. 


This is an example of the utility of bearings of TEFLON resins 
under circumstances where no other bearing material could 
work satisfactorily. But even where conditions are less ex- 
acting, the use of TEFLON resins in bearings insures longer serv 
ice life, fewer maintenance and downtime problems . . . and 
eliminates the need for lubrication. On the following page 
you will find basic data on the performance characteristics of 
bearings of TEFLON and the ways in which they make possible 


cost-saving design improvements. 


TEFLON is Du Pont's registered trademark for its family of 
fluorocarbon resins, including TFE (tetrafluoroethylene) 
resins and FEP (fluorinated ethylene propylene) resin 
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TABLE 1 





Material velocity 





VPPER SERVICE LIMITS OF VARIOUS 
CONSTRUCTIONS 


Loed (psi) Velocity 
< 2 ft. per minute (ft./min.) 


100 psi load 








TABLE 2 





Shaft Diameter 





Clearance 


(inches) (inches) 








Properties of 
bearings of TEFLON 


TEFLON fluorocarbon resins have prop- 
erties which make them excellent ma- 
terials for journal and plane-surface 
bearings. Filled compositions and re- 
inforced constructions are usually used 
to tailor bearings of TEFLON for in- 
creased loads and velocities or high 
wear resistance. Among the major 
benefits that TEFLON resins offer as 
bearing materials are 


1. Low coefficient of friction— The static 
coefficient of friction of TEFLON resins 
is even lower than the dynamic value. 
At high loads and low velocities, TEFLON 
resins have a lower friction than any 
other solid material significantly 
lower than lubricated metal bearings. 
(See Figure | for static coefficients of 
friction of both TEFLON TFE resins 
and the new, melt-processible TEFLON 
FEP resin. The kinetic coefficients of 
friction vs, sliding speed at 73°F. are 
shown in Figure 2.) 

2. Temperature resistance— Bearings of 
TEFLON TFE resins have exceptional 
thermal stability and are suitable for 
continuous service up to SOO°F. At 
-450°F. these resins show the same fric 
tion that would be expected for similar 
conditions of load and velocity at 
room temperature. 


3. Chemical resistance— Bearings of 
TEFLON resins are completely resist- 
ant to virtually all chemicals and sol- 
vents. They have no moisture absorp- 
tion and are completely unaffected by 
outdoor exposure to weather. 


4. Other properties — Bearings of 
TEFLON resins are tough, abrasion re- 
sistant, and have the ability to embed 
hard foreign contaminates. 


FOR MORE INFORMATION about 
TEFLON and the new fact-filled booklet 


WHERE TO USE 


Bearings made of TEFLON resins are 
being used where lubricated bearings 
are undesirable or incapable of oper- 
ation, in extreme temperatures or cor- 
rosive conditions, or where there is a 
possibility of lubricant failure. They 
are used where safety and reliability 
are essential. They are used near sub 
stances that must not be contaminated; 
with non-lubricating liquids such as 
gasoline; with corrosive substances; at 
low or high temperatures where com- 
mon lubricants are useless; under ex- 
treme conditions of humidity; in areas 
where there is danger of fretting or gall- 
ing; where stick-slip motion is unde- 
sirable; where space or weight savings 


are essential. 


DESIGN CONSIDERATIONS 
Service Limits 


TEFLON resins are used | 
PV factor bearings. For higher 
bearings of reinforced construc 
compositions of TEFLON resins 
creased compressive strength, thermal and 
dimensional stability, and wear resistance re 
quired. See Table 1 for indications of the capa 
bilities of various types of bearings of TEFLON 
TFE resins 


Bearing Clearances 
clearances on wear and noise 
for bearings of TEFLON a: 
netal because of the resilier 
TEFLON resins and their ability t nform 
the geometry of the holder. The thickness of the 
TEFLON, type of filler or reinforcing and the bear 
iction used often determine the clear 
ired. See Table 2 for examples 


earances in bearings of TEFLON 


Surface Finishes 


finish obtained by mold 

rdinarily adequate for bearing 

ng is machined, a finish of 35 te 

es (RMS) has tested satisfactorily 
igh the finish of the shaft or mating mem 

ess critical than with metal bearings, a 
shaft finish of 14 to 16 micro inches is preferred 
for very low wear 


h 


the properties and uses of bearings of 


Designing with TEFLON”’’, write to: E. I 


du Pont de Nemours & Co. (Inc.), Polychemicals Department 1-36-10, Room 


2526, Nemours Building, Wilmington 98, 


In Canada: Du Pont of Canada Limited, P.O 


Delaware. 


Box 660, Montreal, Quebec 


TEFLON 


FLUOROCARBON RESIN 








WORM GEARING 











Why the INVOLUTE HELICOID 
thread form? 


Introduction of involute helicoid worms by Delroyd marks 
the first time extensive use of this design has occurred in 
America. Therefore the question arises: “What is the in- 
volute helicoid worm and what are its advantages?” 
Basically an involute helicoid worm is the same as an 
involute helical gear. However, this similarity is not easily 
recognized because of the difference in angle of thread or 


tooth helixes in the two types. Regardless of the difference 
in helix angles, both types have an involute thread or tooth 
profile in the transverse plane, i.e., a plane perpendicular 
to the axis. 

The thread surface is made up of a series of involute 
curves lying in transverse planes. The thread flank gener- 
ating edge is a straight line tracing out a helical path (see 
illustration). Manufacturing simplicity of generating and 
checking to straight line form control provides consistent 
production of worm and generating hobs of high accuracy. 
Deviation from the straight line in checking hundreds of 
worms in one production lot can be held to within a few 
ten thousandths of an inch. 


~ 
a) 
Pa 


The easy and accurate attainment of exact similarity 
between worm and hob provides complete compatibility of 
worm to gear without manufacturing process interruptions 
to modify and change hob form. Form does not change as 
hobs are sharpened. Accurate interchangeability is an 
undisputed fact. 

Only the involute helicoid worm form permits practical 
application of calculable compensating features for gear 
deflection under load. All gears have leaving side contact 
with entering side gap to form beneficial oil wedge. Kine- 
matically accurate tooth meshing avoids the acceleration 
and deceleration inevitable with other forms. 

Superior performance is the result, since this form out- 
performs all others. Size for size, the DELROYD involute 
helicoid worm form offers a higher selection safety factor 
with no premium cost. 

For further information on DELROYD worm gearing, 
write on your company letterhead for our new 84-page 
catalog, the most comprehensive in the industry. 


A DEEN steam TURBINE COMPANY 


801 NOTTINGHAM WAY, TRENTON 2, N. J. 
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General Plate Clad Metals 





1. Clad Contact Rivets and Buttons— Proctor-Silex Corporation engi- 
neers found that General Plate Contacts carried a unique warranty 
that was only possible because of General Plate’s quality control 
of the entire manufacturing process — melting, rolling, fabrication. 
Certified AQL inspection reports are available with shipments. 











2. Truflex® Thermostat Metal—General Plate Truflex Thermostat Metal is 
supplied in strip form which Proctor-Silex Corporation blanks and forms 
into the main bimetal element and compensating member. 

Truflex Thermostat Metal is available in cut-to-length strips or long contin- 
uous coils to meet your needs. Truflex is also furnished in formed elements 
or completed assemblies to meet the most exacting parts specifications. 

FREE: Write for your free Truflex Nomograph Calculator for plotting first 
sample size determinations. 
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Team Up to 


AND 


Cut Costs... 


IMPROVE PERFORMANCE FOR 


PROCTOR-SILEX CORPORATION 
IN THEIR 
VARITHERM* INFINITE CONTROLLER 


1 Silver Clad Electrical Contacts 


2 Truflex Thermostatic Bimetal 


3 Clad High Conductivity 
Spring Metal 


The new, unique Proctor Varitherm pro- 
vides unlimited heat settings that are uniform 
over the entire heating element. Eliminating 
rheostats and transformers, it works on an 
on-off system to maintain constant heat at any 
setting. 

Three different General Plate Products are 
used, as illustrated. They were selected, first 
because clad metals are required in order to 
produce desired combinations of characteristics, 
and, second, because we recommended and can 


*Reg. T.M. of Proctor-Silex Corp. 


produce special combinations of metals that 
materially improved the performance of this 
remarkable new controller. 

These three General Plate Products team up 
to reduce labor costs by eliminating a time con- 
suming assembly step and to improve perform- 
ance by doing away with an embrittlement 
that was encountered during the development 
and testing period. 

Users of General Plate Products benefit from 
our unique ability to design and manufacture 
clad metals for their specific needs. Complete 
technical literature and samples of all our 
products will be sent to you. Competent field 
engineers are available to review your old or 
new designs with you and provide design 
assistance. Write for Catalog GP-1B. 


3. Clad High Conductivity Spring Metal — The 
original torsion member was made of two-piece 
construction. Using General Plate stainless steel 
clad copper, reliable spring characteristics and 
high conductivity are now obtained in a single 
piece which is easily welded to the stainless case. 


“~ [EXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 


® 1010 FOREST STREET ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS: Clad Metals « Electrical Contacts + Truflex® Thermostat Metal 
Gold, Silver, Platinum and other Precious Metal Products @ro-224 
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PROBLEM: Need 15 hp and up to 3:1 continuous speed variation with 
equipment running. 


SOLUTION: For horsepowers from % to 15, use Worthington Motor Pulley 
drive with Anglematic motor base. The Anglematic motor base allows con- 
tinuous speed control while maintaining belt alignment. It keeps the motor 
pulley design simple, trouble-free; two-piece companion sheaves have separate 
hubs and the 2 ‘‘Golden Screws” for easier, more dependable installation. 








PROBLEM: Need less than 2:1 speed variation on 500 hp installation, 
with equipment running 


SOLUTION: Use the motion control Multi-Pitch sheaves. For fixed center 
drives and maximum variation, use a double motion control drive arrangement 
For applications not requiring speed changes with equipment running, choose 
the less expensive stationary contro! Multi-Pitch sheave. 





VARIABLE SPEED PROBLEMS 


You need, of course, just one right answer to any variable 
speed problem. But if your answer is based on a choice 
from four stock Worthington variable-speed drive types 
and their hundreds of standard variations, chances are 
your final solution will be the best one. Certainly, you'll 
get compact design, accurate speed control and long 


Motor Pulley and Multi-Pitch Sheave drives require companion sheaves 
Both types of Worthington companion sheaves are equipped with the 
famous QD hub with the “Golden Screws” for permanent alignment 
and prevention of key drift. For longest belt life, select Worthington- 
Goodyear belts. 


<---_———— — 





PROBLEM: Need 150 to 3000 rpm stepless speed variation while equip- 
ment is running. 


SOLUTION: use Worthington Allspeed Drive that can give up to 20:1 
speed variation without stopping equipment. Compact design has straight 
through shaft for very simple installations with direct or other couplings. A 
skeleton frame or enclosed frame, in horizontal or upright types make in- 
stallation even more easy and compact and any frame can be at any angle. 








PROBLEM: Need automatically controlled speed variation as high as 10:1 
in continuous process. 


SOLUTION: Use sensing or monitoring device that converts production 
variations such as pressure, temperature, time, speed or liquid levels—to 
pneumatic pressures. Connect it to Worthington Variable Speed Motor drive 
equipped with pneumatic cylinder that actuates speed variation in direct 
proportion o any change in input signal. Electric, lever and remote hand 
controls also available. Horsepowers from % to 25 





| ...FOUR STOCK ANSWERS 


equipment life—all at a very competitive cost for the job 
you want done. 

To help you, Worthington variable speed drive catalogs 
contain complete “how-to-figure-it” engineering informa- 
tion, as well as product information. You can get them 
from your nearest 
Worthington repre- 
sentative or distributor 
listed in the Yellow 
Pages. Or use the cou- 


pon at the right. WORTHINGTON 





WORTHINGTON CORPORATION 
Section 79-31, Oil City, Pa. 


Please send me your new catalogs on the following variable speed drive 


components 


[-] Multi-pitch Sheaves Motor Drives 
[_] Motor Pulley Drives (1 to 15 hp) [-] Allspeed Drives 


[_] Motor Pulley Drives (Fractional! hp) [] Variable Speed V-Belts 


NAME 





COMPANY __ 


AODRESS 





CITY AND STATE 








Newest black-line intermediate paper copies fine details 
--. gives fast, easy-to-read prints 


This paper’s so new—and so hot— 
we're still getting plaudits from com- 
panies that field-tested it for us. (Top 
names in Engineering, Chemicals, 
Electronics, Petroleum, Metals, Re- 
tailing, Publishing.) 

They found that Ozalid’s new 
black-line 102 ITF picks up fine de- 
tails, even from faint pencil-line 
drawings. And its opaque black line 
gives far more covering power than 
any comparable intermediate paper, 
sepia or black —with no letup in speed. 

Why black line? A rich image 
that’s a cinch to read, a snap to mass- 
copy. But that’s not all. 

The paper has a vellum base— 
100% rag, for durability and strength 
It knows how to handle penciled, 
penned or typed additions. Also im- 
age corrections. 

In addition, the base is transpar- 
entized—gives fast reprints even with 
age or constant use. And there’s no 


transference, no damage when you file 
it with other papers, including Van 
Dykes and photographic material. 

What machines accommodate 
102 ITF? Any Ozalid machine with 
a Teflon screen or stainless steel mesh 
belt developer section. Or any other 
machine similarly equipped. 

Here are some of the ways you'll 
benefit from 102 ITF: 

You’ll prevent damage to valuable 
original drawings by making fast 
mass-copies. Make changes without 
touching your original drawing. Dis- 
tribute 102 ITF intermediates to 
branch plants, so they can make 
prints as needed. Save time in mass 
printing by using several duplicate 
originals. Superimpose one drawing 
on another, and print the composite 
on 102 ITF. 

Chances are you’ ve already thought 
of a dozen more uses for 102 ITF... 
or will, as soon as you start working 


with it. We'll appreciate it mightily 
if you'll shoot ’em along to us! 


Top-quality, low-cost 
plastic-coated copy papers 


Also from Ozalid—two superior copy 
papers. Black image paper, standard 
speed, for office use. And biue image 
paper, rapid speed, for engineering 
drawings. 

Both are smooth-surfaced, semi- 
glossy. Both make crisp prints and 
copies. The black image paper 
(105 SZ) reproduces halftones from 
a film positive with photographic 
clarity. The blue image paper (208 SZ) 
is tough enough for shop and field 
use, and wipesclean withadampcloth. 

Both papers belong in your setup. 

For more information, or a demon- 
stration, get in touch with your near- 
est Ozalid man. His job is to help you 
do your job even better. 


OZALID Johnson City, N. Y. A Division of General Aniline & Film Corp. in Canada: Hughes-Owens Co., Lid., Montreal 
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DOT. 


NIYW LOW 


PUSH-IN NUT 


Non-corroding 
Electrical insulator 
High pull-out resistance 


Straight iegs won't distort 
thin, soft materials 


This versatile fastening device snaps into place under 
finger pressure alone. Its straight legs permit easy 
insertion in square, punched holes while the tapered 
screw hole forces the legs apart when screw is inserted 
and ensures maximum pull-out resistance. Burrs do 
not impede the nut or prevent proper seating. 


Ideal for use in virtually any type of thin-walled 
structure of sheet metal or plastic, the DOT Push-in 
Nut does not chip enamel surfaces, locks tightly with- 
out distorting the edges of the hole, resists vibration 
and serves as an excellent electrical and thermal 
insulator. 


Suitable for use with #8 or #10 screws...locks in 
holes from .275” to .292” square...application thick- 
ness range: .030" to .060". Spacer type available with 
¥," dia. head from 4%" to 1 142” length in increments 
of 342". Other types available in various sizes, round 
or square-headed, from 142" to 4%" thick. 


Engineering details and price information available 
on request. 


CARR FASTENER 
COMPANY 


Division of UNITED-CARR FASTENER CORPORATION 


Cambridge 42, Mass. 
KwERS 
3 O a Offices in: Atlanta, Boston, Chicago, 
Cleveland, Dallas, Detroit, Kalamazoo, 
* * Los Angeles, Louisville, New York, 
Philadelphia, Syracuse 


“a % 
® 
TsreNt 
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R/M CAPABILITY produces 


reinforced Teflon* bearing materials 


¢ to lower friction ¢ to resist extrusion © to resist corrosion ¢ to eliminate contaminating lubricants 


R/M reinforced Teflon bearing materials are giving 
excellent service in a wide variety of industries. In the 
chemical industry, their use has greatly extended the range 
of chemicals that can be handled by a single pump. In the 
textile and food industries, they have eliminated the need 
for lubricants and the resulting contamination of materials 
in process. And in almost every application, they have low- 
ered replacement costs and maintenance requirements while 
reducing wear. 

Some R/M reinforced Teflon bearing materials can be 


machined to very close tolerances. Others, like R/M RL-742 
asbestos-reinforced Teflon bearing material, can be molded 
to fit your specific requirements. The high rate of thermal 
expansion and poor flow characteristics of pure Teflon have 
been greatly reduced with this reinforced material. 

If you have a bearing application, particularly where 
corrosion and high temperatures present a problem, or 
where normal lubricants cannot be used, R/M reinforced 
Teflon bearing materials may be the answer. Send data on 
your application. 


*Registered trademark for Du Pont fluorocarbon resins 


PACKINGS 


RAYBESTOS-MANHATTAN, INC. 
- PACKING DIVISION, PASSAIC, N. J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 
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CLEARPRINT CHARACTERISTICS 
CLEARPRINT 
Tracing papers have served the Engineering and Archi 
tectural Profession since 1933 and the oldest tracings 


still serve our many friends today as they have served 


for over 27 years. Clearprint Papers are watermarked for 
| your protection 
UNIFORMITY 


The Unchanging Character of CLEARPRINT papers in 


cludes an ideal Ink and Pencil Surface — Permanent 
Transparency — Outstanding Erasing as well as Han 
dling — Reproduction and Lasting Qualities. CLEAR 
PRINT does not discolor with age 

. 
ERASING QUALITIES of ink and pencil lines 


Drawn and redrawn n the same areas 
CLEARPRINT’S unequalled erasing strength 

hold our erased samples to the light and be 
PRINTING, HANDLING, 

AND LASTING QUALITIES 

Ihe files of our many ends prove that CLEARPRINT 


vield cop 





CLEARPRINT’S VALUE TO YOU 


The small amount 
pape! 1s 


pared to the 


WE RECOMMEND 


No. 1015 for Transparen¢ 
No. 1000H for Regular Tracing 
Nos. 1020 and 1025 Replace Tracing ¢ 


= ” Please ask for samples 
SEINE" > sineheabiieateecadsenroercretenes 
WA Va + CLEARPRINT PAPER CO 
1482 - 67th St., Emeryville 








“FADE-OUT” PAPER 
TECHNICAL PAPER 
FORMS « CHARTS « GRAPHS 
“PRE-PRINT” PAPER 


THERE IS NO SUBSTITUTE 
Clearprint is Watermarked For Your Protection 


pend me Ule 
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BEARING 


One in a series of technical reports by Bower 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 





These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 
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roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 

Under actual operating conditions, 


Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


x~**kre 


Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 


—_ 
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Better Products Through Better Methods and Steels 


How modern zinc-coated steel sheets 
keep air conditioners weatherproof— 
season after season after season. 

When cold-rolled sheet steel formed 
the cabinets and special drawn base 
pans of air conditioners, they were 
primed and painted inside and out to 
protect them from constant exposure 
and functional moisture. Even so, cor- 
rosion often took hold around fasten- 
ings, louver edges and scratches. 

Now that Weirkote contin- 
uous-process zinc-coated steel is 
used, the cabinet, louvers and 
chassis can be cut, bent and 
formed (even worked to the lim- 


its of the steel itself) without chip- 
ping or flaking the corrosion resistant 


Look for the STEELMARK 
on the products you buy; place 
it on the products you sell 


Above: unpainted air conditioner cabinet 


zine surface. When the outside paint 
finish is applied (primarily for decora- 
tion) the air conditioner has the double 
protection of a coating of paint and a 
coating of zine assuring corrosion-free 
service for many years to come. 

It’s because of this weather-shed- 
ding surface, this superior formability 
that continuous-process zinc-coated 
steel is more and more the metal spec- 
ified for air conditioning, heat- 
ing and ventilating equipment. 

A major supplier: Weirton 
Steel Company—producer of 
Weirkote continuous-process 
zine-coated steel and many other 
steels that improve products, methods 
and profits throughout industry. 





WEIRTON STEEL 


Weirton, West Virginia 


Weirton Steel is a division of NATIONAL STEEL CORPORATIO N 


Weirkote will also be available in 1961 from National’s Midwest Steel Division, Portage, Indiana 
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(What's wrong with this picture ?) 


Are your mailboys working with better 
equipment than your engineer-draftsmen? 


Your mailroom equipment is expensive 
—but, because it does essential work, 
it pays off. However, you may be 
badly handicapping some of your 
most skilled, professional talent— 

your drafting men—if they’re still 
working with antiquated, inadequate, 
uncomfortable equipment. 


Your draftsmen, your productivity, deserve new Hamilton 
space-and-time-saving equipment — from Post 





For its cost, Hamilton drafting equipment will produce 
more marked improvement in efficiencies than any other 
equipment expenditures in your plant. 

It steps up productivity—directly and unmistakably— 
because: (a) construction and design features insure greater 
accuracy, consistent performance; and (b) anatomy- 
conscious design greatly reduces fatigue, permits the exact 
work positions and heights best suited for individual jobs. 


Hamilton equipment continues to deliver this superior ease 
and performance, because it is so carefully constructed, of 
such quality components, that it outlasts ordinary equip- 
ment by many years. It stays modern, because it totally 


conforms to individual needs. 
a ; Hamilton De Luxe Auto-Shift Table 
Shown here are three of the many products in the complete You'll get peak productivity and greater work quality from 
Hamilton line. Learn about the many other units Hamilton your board men when equipped with the new Auto-Shift. It 
offers. Our expert planning personnel can be of considerable _is considerate of comfort, and delivers wide flexibility of 
assistance, suggesting the arrangements best for you. adjustments. 

Perfect, fully seasoned drawing surface; front-to-back filing 
in full-width drawers; stylized leveling legs . . . many more 


Hamilton Interlocking Pian Files functional and styling features. 


Provide greater protection, accessi- 

bility, and classification. Assembly Hamilton L-Contour Table 
shown includes (top to bottom) 5- While occupying very small 
drawer unit for semiactive material, space, this table provides 
10-drawer section with tracing lifter man-sized, fully comfortable 
that makes every sheet as accessible work area. Board fully adjust- 
as atop sheet, and two vertical drawer able from horizontal to verti- 
units. Interlocking roll tracing unit cal. Working surface excep- 
also available. Interlocking caps and tionally stable, perfectly 
bases, with latter available for variety balanced. Many other 
of stack heights. Rugged construction, features—plus the quality of 
smooth drawer action, trim beauty. construction found only in 

Hamilton equipment. 


For practical, down-to-earth help in solving your drafting 

room modernization problems, consult trained POST 

salesmen and dealer representatives for recommendations 

tailored to your needs. Or, write Frederick Post Company, 

3650 North Avondale Avenue, Chicago 18, Illinois, for FREDERICK POST COMPANY 
information on the complete line of POST drafting mate- Chicago 90 * Englewood, N. J. © Pittsburgh « Detroit 


rials and engineering supplies. Milwaukee * Houston + Los Angeles + San Francisco 
Dealers in all principal cities 


SENSITIZED PAPERS, CLOTHS AND FILMS « REPRODUCTION MACHINES « TRACING AND DRAWING MEDIA+ DRAWING INSTRUMENTS 
SLIDE RULES AND SCALES + DRAFTING EQUIPMENT AND SUPPLIES + DRAFTING FURNITURE «+ FIELD EQUIPMENT 
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NEW from Square D... 


A SMALLER 10 AMP RELAY- 
WITH INDUSTRIAL FEATURES! 


Terminal or 
Plug-In Wiring 


® RATINGS easily handle solenoid loads. 
AC pilot duty rated 690 VA. Continuous 
rating 10 amperes, 125 volts AC for 
plug-in construction and 277 volts AC 
for terminal connection 


® Long Life makes suitable for rugged 
machine tool applications 


® Molded coil operates cooler and keeps 
out moisture for longer life 


e No solder joints to break 


© Optional pilot light indicates when 
relay is energized 


esi : ® Durable nylon dust cover won't break, 
~ Actual Size crack or support combustion 


ay ( cover removed ) 


Write FOR DETAILS! + Square D Company, 
Dept. SA, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J} COMPANY 


wherever electricity is distributed and controlled 
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AGAIN . . . Ford Industrial Engines 
are selected for outstanding 
performance and compactness 








a = la i na 


2 a 
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Leading OEM powers GIANT VACUUM CLEANER 
with FORD INDUSTRIAL ENGINES 


PROBLEM: Howto keep airports free of dirt and debris 
that cause tremendous damage when 
“sucked up” by powerful jet engines. 


SOLUTION: Use Consolidated Diesel Electric’s Model 
2095 Vacuum Sweeper shown above! 


Powered by two modern Ford Industrial Engines, the 
Consolidated Sweeper is designed to clean one million feet 
of runway per hour . . . picking up such debris as sand, 
gravel, wire, nuts and bolts. Just as Ford power contributes 
to the effectiveness of this unit, it can bring a new kind 
of efficiency to your equipment. Here’s why: 


Ford’s full line of Short Stroke engines are compact, du- 
rable and economical to operate. Ford’s space-saving con- 
struction and high power-to-weight ratio also give you a dis- 
tinct manufacturing advantage: greater freedom of design. 


Ford engines range from 134 to 534 cubie inches—in- 
cluding two highly efficient diesels. All are available as 


FORD POWER iS RIGHT FOR 
YOUR EQUIPMENT, TOO! 


complete engine assemblies or power units. And, remember, 
because Ford engines can be serviced by any local Ford 
Dealer, your customers can get quick on-the-job service 
when they need it. 


These are but a few of the important reasons why equip- 
ment designers, sales managers and top management are 
specifying Ford Industrial Engines. It will pay you to 
swing to Ford power if you haven’t done so already. 


: 


eeeeeeeeserecose 


INDUSTRIAL ENGINES 


AND POWER UNITS 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 





® West of Rockies write to: 





“> FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
—> FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 
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ONE POWDER METALLURGY 


THE PLACE OF 


GEARS 


IN KEYSTONE POWDER METALLURGY 
medium- and high-strength applications to powder 
press design have made possible the widest range 


performance. In brief, we're geared to serve. Call us! 


“ MUENO "228 COMPANY 
(222 ST. MARYS, PA. 


POWDERED METAL PARTS DIVISION 





NEW TEFLON 
BEARINGS 

for Non-lubricated 
Service 





Railroad truck bearings (top), carburetor bear- 
ings (center), and saddle bearings for textile 
machinery (bottom) —fabricated from top-quality 
Tefion* stock by Garlock—offer performance 
unmatched by any other material. 


Now—new bearings of Teflon eliminate 
lubrication . . . resist extreme tempera- 
tures and reactive chemicals ... drasti- 
cally reduce downtime. 


No finer combination of properties. Bear- 
ings of Teflon offer a lower coefficient 
of friction than any other solid ma- 
terial; they have exceptional thermal 
stability and are suitable for continu- 
ous service to +500°F; they are com- 
pletely resistant to nearly all chemicals 
and solvents; they are tough, abrasion- 
resistant, have no moisture absorption. 


Applied where safety and reliability are 
essential. Teflon is used as journal and 
thrust bearings, and on other sliding 
surfaces where lubricated bearings are 
undesirable, or incapable of operation 
in extreme temperatures or corrosive 
conditions, or where there is a possi- 
bility of lubricant failure. Teflon bear- 
ings afford unexcelled performance 
where slip-stick motion must be 
minimized . . . on reciprocating and 
oscillating systems where the lowest 
possible static friction must be at- 
tained . . . where space and weight 
savings are essential. 


Easily fabricated from high-quality Gar- 
lock stock shapes. Teflon bearings can 
be simply and economically made from 
standard Garlock tape, bar and rod 
stock available through local Garlock 
distributor outlets. Or, if you wish, 
Garlock will work to your exact 
specifications in furnishing bearings of 
all tolerances and size. Whatever the 
case, the key to best bearing perform- 
ance is through the use of Teflon stock 
shapes by Garlock. With years of 
experience in research and processing 
of plastics, Garlock is able to recom- 
mend and furnish exactly what you 
need, when you need it, and at the 
lowest possible cost. 


Find out more about Teflon bearings. 
Consult your local Garlock representa- 
tive at the nearest of the 26 Garlock 
sales offices and warehouses throughout 
the U.S. and Canada. 


Or, write for Plastics Catalog AD-177, 
Garlock Inc., Palmyra, New York. 


GA RLOC HK 
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Canadian Div.: Garlock of Canada Ltd. 


Plastics Div.: United States Gasket 
Company 


Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded & Extruded 
Rubber, Plastic Products 


*DuPont Trademark 
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~ SENERAL @ ELectaic 
CUSTRIAL O1L-Tigyy . 





New CR104 push buttons help improve your machine appearance, cut your panel space at least 40% 











FIRST COMPLETE LINE OF INDUSTRIAL 
MINIATURE OIL-TIGHT PUSH BUTTONS 


® Push buttons @ Selector switches 
® Illuminated push buttons ® Indicating lights 
® Push-to-test lights 


Now you can design entire panels with 
miniature pushbutton units and cut your 
panel space requirements at least 40 per 
cent! General Electric announces the de 
velopment and immediate availability 
of industry’s first complete Industrial 
Miniature Oil-tight Pushbutton line. 

This new CR104 line offers you the 
operating and functional units presently 
available in heavy-duty oil-tight forms 

with an attractive appearance that 
enhances the design of your machines. 
A wide variety of operators is avail 
able, plus various modifications, special 
units, and nameplates to meet every 


operating requirement. Color coding is 
available in both operators and rings to 
provide you the flexibility of many dif 
ferent color combinations. Also, enclo 
sures and pendent stations are available 
to accommodate from four to 42 units. 
FOR MORE INFORMATION on this out 
standing new development in control 

and the “measurable advantages” it of- 
fers you—contact your nearby G-E Ap- 
paratus Sales Office, or write for Bulle 
tin GEA-7127, General Electric Co., 


Schenectady 5, N. Y. 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


SAVE PANEL SPACE. Twenty new General Elec- 
tric miniature units fit into the exact space re- 
quired for nine heavy-duty oil-tight push buttons 


GENERAL @@ ELECTRIC 





FASTENER ERIS 


BURODSALL & WARD BOLT AND N 





Clamps like a hex screw 
Grips like an anchor 


Technical-ities 
By Fred E. Graves 
Fastening of (gu dor ce 

"blind hole’”’ joints y } produced wher 


‘dall-whi-lel- i el-+- lame, 


dala -7-temea-sab-ilela) 





must 
shallow, small holes, 
critical fastening, and 





materials thread cutting scte\ 
l ave time. 
flange 
pressure plates, ads and the 
like » costly castings need 
more precise production. These 
holes at ;” diameter ar 


larger, affect design strengtt 
THREAD EFFECTS 
Such holes are coarse threaded 


The coarse threads develo; 
more thread strength than d 








fine threads, also take fewe 
turns in assembly. Studs go 


Tensilock" screws offer you the embed themselves, are aided in 


into the holes with an interfer 
ideal combination of high clamping maintaining their grip by pressure 


ence thread fit; hex screws witl 
a simpler clearance fit. force and high locking power of the pring action flange 
anly; id hould a While a standard high strengtl 
vel ime depth and 
R - . enmeal hex screw can be tightened to a 
eCa se 0 0 I al ’ - 
uring difference higher thread tension, its off-torque Clamping force from Tensilock fas- 


matched high and is less than its on-torque 


MAKES GOOD FRICTION-TYPE JOINT 


teners 1 ifficient to prevent slip- 
ances will cause stud page of fastened members where 
unevenly. Assen ANCHORED IN PLACE sek ane aieetitn ee eae, Sale 
aay hg  apa The “Tensilock” screw feature the teeth keeps fasteners tight 
tighten tr 

load. And there’ angle which will cut driving effort yclic temperature change RB&aW 


ratchet action teeth. formed at an ! conditions of vibration or 


driving operation, a to permit you to utilize more of the wal ock””’ Nuts also 


; 


id plus nut. full strength of screw. At equal availabl ‘rite for 
STRENGTH OF BLIND JOINTS driving torque, it not only develop illetin TL-2. Rus 
Tapped holes behave like nut 90 of the strength ot a high ll, b lsall & Ward 
‘| 4 ] ticall: 

telasticall trength hex screw but also take Nut Com 

y to distribute ~ 
op high thread 

this harmful in 

emblies? Not at Because of the flange’s concentri 


25 more torque to loosen thar 
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nave been I! groove, it flexes, allows the screw to 
a i ne in ast ror 
, bear down solidly on its seat and 
test ble tightened t Rock Falls, til los Angeles, Calif. Additional 
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Metal Forming Ideas 





How to eliminate special tooling 
in the design of custom-formed parts 


Custom stampings, formerly prohibitive 
cost-wise, can now be inexpensively 
formed through the use of existing dies 
from COoMMERCIAL’s “Die Bank” of 
almost 50,000 different forming die 
components. 

A case in point: Wheel covers for 
American Coleman's aircraft towing 
tractor. They're important for the pro- 
tection of the power transfer yokes in 
the tractor’s four-wheel drive. 

Stamping was first considered as the 
best method for forming them. The 
original low quantity involved and the 
amortization of $2,300 for special 
forming die costs, however, made the 
stamping unit costs impractical. 

The covers were therefore first pro- 
duced as machined, malleable iron 
castings at a cost of $8.49 per unit. A 
switch to hand spinning later reduced 
this cost to a still high $3.50 per cover. 
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American Coleman then discovered 
and investigated COMMERCIAL’s “Die 
Bank”. From 24 basic shapes ranging 
4” to 72” in diameter and involving 
metal thickness from 20 gauge to %4” 

all available through the use of exist- 
ing dies adapted to presses up to 2000 
ton capacity—emerged an entirely prac- 
tical and economical solution to the 
unit cost problem. 

The design: A standard, dished, off- 
set shape with vertical and horizontal 
flanges and dish radius equal to its 
dished diameter. The wheel cover of 
12 gauge, stamped steel now provides 
complete protection, necessary yoke 
clearance and a pleasing appearance. 

Best of all, by using an existing form- 
ing die from COMMERCIAL’s “Die 
Bank”, the actual tooling charge was 
only $80 for a simple modification of 
a single die component. And the unit 


cost was slashed to a practical $2.59. 

Che final result: A strong, lightweight 
wheel cover with a smooth surface for 
finishing which now completely and 
economically meets all requirements. 

If your component requirement in 
volves a custom-formed or unusual 
shape, and if the high cost of tooling 
prohibits its economical forming, the 
“Die Bank” service at COMMERCIAI 
may be just what you’ve been looking 
for. There’s a quick way to find out. 
Just send along a blueprint, sketch or 
prototype of your part to Commercial 
Shearing & Stamping Company., Dept 
G-48, Youngstown 1, Ohio. 


LOMMERCIAL 
shearing & stamping 
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Tailor-made Assemblies— 
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NEW ANACONDA TYPE T4 HOSE OF 
TEFLON: WITH REUSABLE FITTINGS 


Now you can get stainless steel wire-braided hose as- 
semblies of Teflon from your local Anaconda distrib- 
utor. He can make them up to your exact needs in a 
matter of minutes, using simple hand tools. It’s fast 
and easy. 


Type 14 Hose takes the roughest service. The flexible 
core is tough virgin Teflon. It’s reinforced with stainless 
steel wire braid for added strength. Reusable fittings 
for Anaconda Type T4 Hose are designed to withstand 
high working pressures and temperatures. 


It’s easy to attach, detach, 
and reuse Type T4 Fit- 
tings. All you need is a 
vise and a wrench. 


*Dupont Trademark 


NACONDA 


METAL HOSE 
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Where you can use Anaconda Type T4 Hose. Use it for 
general industrial uses to handle hydraulic and corro- 
sive fluids, hot tar, steam, air, fuel, food, lubricants and 
gas — within a temperature range of —65° F through 
450° F. 

Anaconda Type T4 Hose is available in 44-inch 
through 14-inch actual inside diameters. Standard fit- 
tings for Type T4 Hose are available in cadmium-plated 
brass, N. P. T. males. To find out more about how this 
new assembly can help simplify your maintenance 
work, fill out the coupon and mail it today. 


Anaconda Metal Hose 
P. O. Box 791, Waterbury 20, Conn. 


Please send me more details about New Anac onda Type 4 Hose 
and Type T4 Fittings. 
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GOT ITS FOOT IN A 


FREIGHT 
CAR 
DOOR! 
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This unique refrigerated freight car door is insulated with Dy.itt 
expandable polystyrene. This lightweight foamed plastic forms a 
tight, moisture-proof, non-sagging insulation. Dyiire freight car 
doors improve insulation and weigh 400 to 500 pounds per car set 
less than conventionally-insulated doors. These doors are now being 
installed on 1,025 new refrigerated freight cars of the Pacific Fruit 
Express Company. The cars are temperature-controlled from —10°I 
to 70°F. F 

The door liner is molded of Cyco_ac* ABS plastic made by the 
Marbon Chemical Division of Borg-Warner Corporation. The idea 
to combine Dy.ite with CycoL_ac came from Robert L. Landis, 
developer and manufacturer of the new door liners which are now 
manufactured by the Landis Industrial Company, Santa Clara, Calif. 

DYLITE comes in the form of tiny crystal beads. When heated, these 
beads can expand up to 60 times their size and fuse; forming a light, 
smooth-skinned part at the desired density. DyLITE is a remarkable 
low temperature insulator having a K factor of 0.242 at 2 Ibs./cu. ft. 
density and a 75°F mean temperature. It is low-cost, non-shrinking, 
and can be molded to almost any size or shape. In addition, Dy.irt 
is strong, durable, moisture- and vapor-resistant. 

For more information on the outstanding insulating qualities of 
DyLite expandable polystyrene, write to Koppers Company, Inc., 
Plastics Division, Dept. PE10170, Pittsburgh 19, Pa. 

Dy ene” 'polystyrene, SuPpER DyLAN® high density polyethylene, 
DyLAN® polyethylene, and EveNGLo® polystyrene are other fine 
plastics produced by Koppers Company, Inc. 


*CYCOLAC is a registered trademark of Borg-Warner Corporation 
KOPPERS PLASTICS 
. > 
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—Helical gears 


Developed Surfaces 


PRODUCT 
ENGINEERING 


WHEN 
HELICAL 
GEARS 
GET YOU 
OUT OF 
TIGHT 


BY VARYING HELIX ANGLE, spur gears can be replaced with helical 


gears to provide any number of workable pitch diameters, 


flexibility to design 


Their adaptability can overcome many 


difficulties in gear-train design that normally 


and add 


SPOTS 


SIGMUND RAPPAPORT, kinemotician 
Ford Instrument Co, Div of Sperry Rand Corp 
Adjunct professor, Polytechnic Institute of Brooklyn 


call for complicated, expensive measures. 


S uppose that two shaft centers in a gear train are er 
roneously machined too far apart—or werst still, too close 
together. Or, suppose you wish to change the gear-speed 
ratio between two parallel shafts without changing the 
center distance. In each of the above problems, helical 
gears with the proper helix angle might do the trick. 

There are even more design tricks possible: With non- 
parallel shafts, you can mesh gears of different size to 
operate at one-to-one ratio, or you can vary the relative 
sizes of the meshing gears to avoid, say, interference with 
another machine member. 

And also, pairing helical with spur gears in an other 
wise standard planetary system can boost the reduction 
ratio from, say 1:21 to 1:1600. I described this innova 
tion in a previous article (PE—June 22 '59, p 67), but 
key points will be reviewed here. 


Helix Angle Is the Key 


The pitch diameter of a helical gear of a given pitch 
is not related in a simple linear proportion to the number 
of teeth—as is the case with spur gears—but is also de- 
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pendent on the helix angle. In fact, for a given numb 
of teeth and a given normal pitch, an infinite number of 
workable pitch diameters is possible 


on a helix angle of zero, is identical with the pitch diamete1 


The smallest, based 


of a spur gear of the same number of teeth and diametral 
pitch (see illustration above) 

Although the tooth form and its proportions are based 
on the normal diametral pitch, the size of the helical 
gear—that is, its pitch diameter the 
circular pitch, which changes with the helix angle 

Pitch dia D, of a spur gear is found from 


dD, n/P 


is determined by 


where n is the number of teeth and P is the diametra 
pitch. 
Pitch dia D of a helical gear is 


Lf) 
D = 
P cosa 
where a is the helix angle (angle between the tooth 
direction and gear axis). 


As can be seen from this equation, the minimum D 
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Original drive Ratio 


GEARS OF DIFFERENT PITCH diamete: VERSATILITY of ! 
can give ratio of 1:1 by varying the heli» ime gearbox 


equirements 


angle 


occurs at a 0, which is a 


between a pair of helical gears 


these equations it can be seen that 
the center distance between a 


ime pitch ind number of 


Compensating for Center-distance Errors 


If two shaft centers are erroneous] 
ipart, the error can be compensated 
ars with helical gear Th 


then found from 


wher f th center distance 


ipplied and C, is the one actual 


An incorrect center distance 
pensated for when it is smaller 
Suppose two pal illel shafts are to be conn 


of gears having 60 and 90 teeth, respecti 


| 
metral pitcl 24 Ihe pitch diamet 
ire 60 5 in., and 90/24 3.75 
ter distance is 4 (2.5 

distance is erroneously machined t 

can’t be used because the next smaller 
same ratio will have 56 and 

required center distance of 

with 56 and 84 teeth can 


that their helix angle equals 


COS a 2.917 


One of the pa ol 
the other right-handed 


must be absorbed by th« 


How to Change Gear Ratios 
Here’s how helical 


rear ratio between tw 
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Driver 
nL 
rue 
die 
% ng: 46 teeth 
¢ S 
Na yy” 


Qa np 


Ratio i:1.5 


it possible to keep the 


jut-to-output ratios to suit 
vn in Cases A, B and ¢ 


ind 
enter 
ratio trom 
in number 
PIVC 
selected 
is (24 
C il] for a cé 
olved by employing 
eeth nd with a helix 


olve dk ign pro 

ed. Consider the ca 
machine contains two 
1 1:1 ratio by a pai 

helix anglk he gear 
ind 60 teeth each Pitch 


e had merely an oil pan; later, it wa 
rive totally in a cast iron housing 
irance between the upper 
iccommodate the housing 

arises: Maintain the centet 

pitch and the ratio, but 

ymeter of the driven gear from 8.485 
re than 6 in. and increase the 
iccordingly. The following 
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Driver 


oy 


é ® 


Case B Ratio |:2.2 





pitch dia of driven uppe! 
diametral pitch 10 
center distance 8.485 In 
number of teeth 

helix angle of driven gear 
helix angle of driver 


these th 


n sina + COS a 
2P Sin a COS a 


Substituting the value for 


(Combining n equat ns 


rives a solution for a 


cotan @ 
LI ] 
lom yields an integral 


Using this value in Eq (1) sekl 


value for n. But, because d was not rigidly established 
it was only postulated that d be not larger than 6 inches) 
take the nearest whole number of n. 


it is sufficient to 


Here n 52. 
Eq (4) can be rearranged to giv 


2C P COS a 


n sin @ COS a@ 


sin @ 


solved for a by squaring both sides 


Thus 


which Can be easily 


= | * 
ind making use of the identity 2 sin sin 2a. 


Oo‘, a 
| + sin 2e@ 
”) 


7 sin* 2a 


from which is found 


7 , 


2c? P \ ( 2( pa 


sin 2a 


In this equation substituting values for n, C and P 
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Case C Ratio |:2.75 


59/10” from which we obtain 


D = 11.082 
d 5.888 
center distance (8.455 


which yields the same 


original pair. 

Thus, a seeming paradox has been achieved of having 
two meshing gears of greatly differing size operating at 
ratio of 1:1. This solution presents an additional bon 
because the helix angle of tl 


axial thrust is reduced the 
driven gear is less than 45 

This solution would not have been possible if it w 
required to make the driver smaller and the driven g 
larger, because beyond a certain point the helix ang] 


exceeds the friction angle and the drive locks up 


Changing the Gear Ratio 


his method can also be applied to use a given gearbox 
to accommodate a different gear ratio, while keeping th 
center distance constant. Here is an example: 

Suppose you have a gearbox, built to accommodate 
cross-shafts whose input-to-output ratio, R, is 1:1; 


gearbox to produce the 


you want to use the same 


listed below 
5 
:2.2 
Re :2 75 
-tooth hel 


! > 
pit h I 


\ssume the original shafts have identical 
cal gears, with helix angle of 45°, diametral 
and pitch diameter of 8.485 in 

Find, for each of the thre« 
the number of teeth in the driver, n,; 


cases, the helix angle 


in the driven gear, n,; 
d,; and the pitch diameter of the driven gear, d, 

These conditions should be met: center distance mu 
remain 8.485 in., and gears should remain approximat 


} 


j r ‘ 
ex 


the same size 


the number of teetl 


the pitch diameter of the driver 


; 





HELICAL GEARS in place of spur for 
one of the two sets boosts reduction 
ratio from 1:21 to 1:1600 


Since d, should be approximately equal to d 


case, we find, with the use of Eq (1) and (2) 


nN» nN 
P cos a P sin a 


from which 


R tan a 


Te 

This 

aa = 33° 41’ ar 

Next step is to determine n, and n, for Cases A, B and C. 

Assume that n, + n, remains the same as in the original 

drive (120). Find whole-number values that will produce 

the desired ratio. 

In Cases A and C the answers ar¢ 


gives the following helix angles 


— 


24° 27’ ac = 19° 59’ 


Case A: mi 48, nea = 72 Case C: 7 32, mc = 88 

But in Case B, there are no two whole numbers whos« 
ratio is 1:2.2 and whose sum is 120. Since the ratio 
cannot be changed, the only alternative is to find integral 


solutions with a different total number of teeth 


hes = 35, Nes 77 


But these data for numbers of teeth and corresponding 
helix angles would result in gear pairs with meshing gears 
of the same size 


dia = dag = 8.653 in. 
dig = dip = 8.458 in 
dc = dic = 8.944 in 

\nd if these gears were used with these diameters, 
the center distances for Cases A and C would be too 
large, and for Case B, too small. 

This center distance for Case B can be enlarged to the 
required 8.485 in. by suitably modifying the helix angle, 
which is done most quickly by trial and error. Thus a 
is changed from 24°27’ to 24°15’, resulting in the pitch 
diameters 

d; = 8.523 in 

d, = 8.447 in. 
Half thei yields the correct center distance of 
8.485 in. 

However, in Cases A and C, juggling of the helix angk 
cannot solve the problem because no solution can be 
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found which simultaneously satisfies all requirements 
Therefore, the sum of the teeth must be reduced, keeping 
the desired ratio 

Thus, for Case A 


mia = 46, 
resulting in 


dys 8.912 in.. 8.058 in 
For case C 
1 ¢ 28, 


with 


dy 8.854 in., dec 8.116 in 


rhe center distance of both these drives equals 8.485 
in., as required by the problem. In all these cases the 
driving gear has the large helix angle, approaching the 
appearance of a multiple-start worm. This is not strange 
when one recalls that a single-start worm is nothing but 
a helical gear with one tooth 


Spur-helical Planetary 


For the planetary system 

eduction ratio 

Rh hed 
where a, b,-c and d are number of teeth or pitch dia of 
the respective gears. Here's where substituting a pair of 
helical gears for one of the spur-gear sets results in an 
extremely high ratio. For example, if a 39, b 40) 
¢ 4l,d 40, the ratio becomes 


39) (41 ] 
A ; 40) (40 1600 
lo do this the helical pair (gears a and b) must hav 
helix angle equal to 


COS a 
r 


Limitation of an all-spur gear train is that the center 
distance between a and b must equal that between c and 
d. Hence for a similar train of a 40, b = 41, « 40, 
d 41, the all-spur will produce a ratio of only 

(40) (40 8 l 


hi (41)(41 1681 21 


Although a 1:1600 reduction is possible with a plane 
tary system, the gain in torque is limited to about 40:1 
This limitation also holds true for an all-spur planetary 


For REPRINT of above article, just check P65 on one of the 
Reader Service cards found in this issue 


EDITOR’S NOTE: For additional information on gear trains 
in recent articles see: 

How to Predict Efficiency of Gear Trains, Aug 4'58, p 44 
New formulas and test data show how to compute power 
loss due to sliding action of involute gear teeth. 

Epicyclic Gear Systems, June 13 '60—Gives equations fo1 
calculating volume, power capacity, speed ratios and 
stresses for spur or helical gear trains. 

Epicyclic Gear-train Calculations, Apr '57, p 186—Shows 
step-by-step calculation of forces and speeds, by reducing 
the train to its component parts and analyzing the center 
member. 

Stress Cycles in Planetary Gears, Jan ‘57, p 219—Tabu- 
lates formulas for number of stress cycles a gear tooth 
receives during its life 
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HOW BEO PROPERTIES CHANGE 
WITH TEMPERATURE 





g 


Outstanding as a heat conductor—insulates 
against electricity. Here’s a comparison 


with rival ceramics, and quides to. . 


Compressive Strength, psi x | 
6 8 8 
Tensile strength, psi x 1000 








oO 





DESIGNING WITH 
SINTERED 
BERYLLIA 





Thermal Expansion 


na 


> 


ADOLF J STROTT, plont manager 
National Beryllia Corp 


Exponsion coefficient, in./in/F 
™m 








or 





Though it’s an electrical insulator, the thermal con 
ductivity of sintered beryllium oxide matches that of 
iluminum metal. That, in brief, is what this ceramic 
fers along with its high-temperature structural properties. 

This abnormality (thermal and electrical conductivity 
usually go hand in hand) makes beryllia ceramic par- 
ticularly useful for structural components that must isolate 
electrical parts, yet conduct their heat away. Although 
weaker than the pure-alumina ceramics now serving in 
these applications, it has better thermal shock resistance 
and a higher service-temperature range—up to 4000 I 
But, like other ceramics, it has low tensile properties and 
definite tolerance limitations when used as fired. 

Main advantage offered by the new ceramic is its high 
thermal conductivity. This gives a composed part of 
sintered BeO its superior resistance to thermal shock 
and keeps its sintered properties uniform throughout th« Temp., 
structure. The heat conductivity is outstanding—highest 
of the pure oxide ceramics, over 7 times that of alumina, 
and surpassing that of some common metals. Also, its 
Ligh specific heat, 0.24 cal/gm, is more than twice that of 
ilumina. 
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Thermal Conductivity 7 
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PROPERTIES OF THE CERAMIC 


Physical and mechanical properties of dense BeO 
eramic are given in the charts at right for room and ele 
vated temperature. Table I, next page, compares sintered 
oxide with other high-purity, high-density oxide ceramics 

As-sintered strength of BeO goes down when density 
is less than 100%, but unless premium costs of maximum # ne : i 
density and its other disadvantages can be justified, density 400 800 1200 i600 2000 
should not be specified. Normal density that can be Temp,°F 


» 
uw 


Dielectric constant 


fea) 
oO 











uo 
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SINTERED BERYLLIA continued 
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Nylon . Sintered BeO 












































SIMPLIFIED SHAPE LOWERS CERAMIC COST. Original 
design for insulator prescribed nylon, included such details 
as flange, ribs and threaded hole—difficult to form in a 
ceramic. In redesign for BeO, flange was eliminated, insert 
in center hole replaced tapped thread, grooves replaced 
ribs. Final part is twice cost of nylon original but better 
cooling prolongs life of attached semiconductor component 


xpected in slip-cast parts is a minimum of 90%; in ex 
truded parts—95%; and in cold pressed parts—97%. Den 
ity is influenced by size and shape. In general, small 
ompact parts made by these processes will have higher 
densities. Hot-pressing or sintering under pressure will 
produce densities over 99% regardless of size of part, but 
this tactic has two disadvantages: It limits service tem 
perature in oxidizing atmosphere to 3000 F because of 
carbon contamination from molds; and it is expensive. 

High density is not required for gas tightness but is 
required in nuclear applications where the maximum num 
ber of Be atoms must be crowded into a given space 


FABRICATING THE PART 


As with most ceramics, shrinkage during firing makes 
close tolerances difficult to hold. Shrinkage for sintered 
BeO is high—between 15 to 30% —and varies from batch 
to batch. Because this material is toxic while in powder 
form, production lots so far have been limited to 30-lb 
batches--a quantity that can be safely handled. Shrink 
ige is determined for each batch and the unfired part 
(greenware) is made to dimensions which compensate for 
shrinkage. 

As-fired tolerances vary with the process chosen t 
form the unfired part. Slip-cast parts have the widest 
tolerances, 5%. Tolerances of 24% can be held in ex 
truded parts and 1 to 14% in cold-pressed parts. Hot 
pressed parts are almost always ground to dimension, 
because carbon from the graphite molds contaminate th« 
surface. 


66 


Table 1—Properties of 5 High-purity, High- 
density Oxides 





Melting Point, “F 


Max Temperature 
(in oxidizing atmos- 
phere), °F 


Hardness, Moh Scale 
Density, gm/cc 


Thermal Conductivity, 
btu/sq ft/hr/°F/in. 
at 212 F 
at 11IO F 
at 1830 F 


Thermal 

Shock Resistance Excellent 

Compressive 

Strength, psi 
ot 68F 200,000 427,000 300,000 214,000 
at 590F 110,000 185,000 71,000 
at 2200 F 50,000 71,000 114,000 28,500 


Electrical Resistivity, 

ohm-cm 
at 212F 8x10'? 1x10'* 
at 2200 F 3x10'* 2x10* 








Ma lining 1S t { use th oxide must be ground 


with diamond abrasives Although fine tolerances can 
be had. material-removal rates are slow. If firing cannot 
meet the required tolerances nding should be limited 
to one or two flat surfaces that can be surface-ground 
the method that costs least. Next cheapest is centerl 
grinding; ID grinding is the most expensive 

Largest size that can be cast is 4 in. dia, with a h 
of 8 to 10 in. Maximum 
dia (with or without holes) and length is limited by fu 
Parts up to 5 in. dia can 


yf extruded section is | 
nace size (now about 24 in 
be pressed but here the height should not exceed the 
diameter 

Thin parts can be ground from thicker stock. Flat 


pieces as thin as 0.015 in. can be readily made, and thinner 
sible if part is less than 1 in 


pieces to 0.005 in ire pe 
in dimension. Minimum wall in 1-in. tubing is about 


0.040 in 
THERMAL STRESSES 


Designing ceramic parts to carry compressive loads 
is only part of the problem. Many ceramics fail becaus« 
thermal stresses, which build up from heating and cool 
ing, cause cracking. A helpful comparison when selecting 
materials for resistance to thermal stresses in steady-state 
conditions is the quantity Ea/K, where E is the elastic 
modulus, a is the expansion coefficient, and K is the 
thermal conductivity. A material with a high value for 
this parameter will be more susceptible to thermal-stress 
buildup than a material with a low value. 
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Table li——Thermal-stress Susceptibility of BeO Ceramic 





Elastic Modulus, (E) Expansion Coefficient, («) Conductivity, (K) Thermal-shock 
psi < 10° in. /in. / °F 10! btu /hr/sq ft/°F/in. Parameter Ea /K 


Compared with Metals ot 1000 F 
Nickel 28 8.3 
Titanium 12 5.4 96 
Bed 48 5.0 348 
AISI 1020 24 8.2 250 
AIS! 410 25 ro 205 
AIS! 347 23 9.6 150 


Compared with Oxide Ceramics and Corbides at 1800 F 
SiC (nitride-bonded) 9.5 2.5 109 
Bed 37 6.7 102 
MgO 30 7.5 49 
TiC (cobalt-bonded) 60 5.0 58 
Al,O,; 51 4.9 











he quantity is most useful I mparng similal 
materials—that is, metals with metals, and ceramics with 
ceramics. Other properties must be considered when a 
ceramic is compared with a metal, as shown at top of 
[able 2. Although beryllium oxide has a thermal-shoc] 


parameter smaller than those of stainless and other steel 
it is more prone to cracking use it also has lower 
strength and ductility 


In general, ceramics should have more uniform shapc 


tylit 


. 1 ] ! 
than metals because their poor du does not redi 


tribute the stresses. Although BeO can be quenched into 


water from red heat, this low susceptibility to thermal 


} 


] 
hat 


stress can be lost through a poorly designed shape t 

contains notches or other stress concentrators. At 1800 F, 

silicon carbide has lower thermal stress susceptibility but hould 
"peste 

und 


If 


is a poor electrical insulator 
DESIGNING WITH Bed 


Che change-over to sintered beryl] 
parts that have previously been made f 
materials: from another ceramic or from a tic 
Switching to BeO from a well-designed ceramic in 
sulator made of alumina is relatively simple. Walls shoul 
be heavier to compensate for lower strength (tensile, con 
pressive and mechanical impact strength in BeO are lower 
than for high-purity, high-density alumina). Corrosion 
rates from mineral acids are higher but need only be 
considered if the part is to be used for chemical ware 


Cost for the BeO will be about 7 times that of Al.O, for EDITOR'S NOTE: For mor mat 1 high-tempera 
1 small quantity put in quantity produ tion can be ex ture design with oxide ceramics and sintered carbides, ses 
the following articles 

Titanium Carbide, Nov 11 ’57, p solve high 
emperature problems with titanium carbi 
Most plastics can be pressure-injected into « mmplex molds and 


pected to be no more than two to three times as costly; 
Going over to BeO from a plastic is more complex. 


hardness 
and assume the close tolerances built into the die. Ceramic Ceramics That Bounce, Feb 3 58, 
powders on the other hand do not flow in the cavity and orm, sintered alumina provides 
emperatures 

Glass and Ceramic Fibers, July 
; on the three most important types of 
plastics must be ground into ceramic parts. Holes pressed with rugged properties 


their variable shrinkage makes complex close-tolerance dies 
impractical. Small detail and undercuts molded into 


or extruded in the unfired part usually cannot be held New Low-expansion Ceramic, Sep 30 


closer than +5% in roundness or center-to-center dis ceramics for resistance to thermal shock, gives tips on 
fabrication, design and applications 
tance. Although drilling gives better tolerances, it i 
d 2 ll sk . ld | aoe Nitride-bonded Silicon Carbide, Feb '57, p 135—Man-made 
expensive, and generally should be avoided. Tapping o1 material bonded with silicon nitride yields parts with 


threading is even more costly. narkable resistance to heat. abrasion and cerrosion 
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=< 
Output displacement, Y 


HOT-GAS VALVE operates on air at 
1000 F, driving load piston (typical 
response characteristics on facing 
page). Control spools are each 
“underlapped” 0.02 in. at inlet and 
outlet, indicated by beveled ports 


TOO HOT FOR HYDRAULICS? 


TRY PNEUMATICS 


FOR HIGH-TEMP SYSTEMS... 


. say two researchers at Battelle Memorial Institute 
John W. Billheimer and John K. Wetherbee. They studied 
a hypothetical hot-gas servovalve, to determine how air 
responds in fluid systems at high temperatures. This 


article is based on their report. 


Ordinarily, air is easily compressed, so it has little value 
in fluid systems for power or control applications where 


“stiff” response is necessary. Instead, hydraulic fluids, which 
are relatively incompressible, are almost always used. 

But this objection applies only to air at low pressures. 
When its pressure reaches thousands of psi, air has high 
bulk modulus, and can compete with hydraulics in speed 
of response at temperatures above 275 F, where most com- 
mercial fluids are unsuitable. 


AIR WITHSTANDS HEAT 


At high temperatures, hydraulic fluids suffer marked 
decrease in such vital properties as lubricity, viscosity and 
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bulk modulus. Their effective values change as much 
is 20,000 to 1 before 1000 F is reached, and permanent 
damage usually results. Even special organic fluids, 
designed for temperatures up to 700 F, undergo drastic 
decline in properties at such heat. Of course, a lot dé 
pends on time at temperature. 

Air, however, is relatively unaffected by temperature, 
and is therefore the most practical medium for fluid power: 
and control systems at extremely high temperatures. Its 
bulk modulus, lubricity and viscosity are equal to or better 
there than the theoretical values for hydraulic fluids. 

Storage of air and maintenanee of system are simpler 
than for some special high-temperature liquids, because 
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air is nontoxic, and relatively easy to contain. Further 
more, its low density makes it easier to filter. One disad 
vantage of air is the more serious danger resulting if a 
large leak develops or a container bursts—the explosive 
expansion down to atmospheric pressure involves large 
amounts of energ\ 


SERVO SHOWS HOW AIR WORKS 


Battelle’s recent study of a hypothetical gas servovalv« 
shows how air performs at high temperature. The 4-way 
valve sketched on facing page controls air (or gas) flow 
to a pneumatic piston (ram) spring-coupled to a load as in 
dicated. Performance of this open-loop valve-ram-load sys 
tem was simulated on an analog computer. Source tem- 
perature and pressure were varied; data plotted (right) are 
for 1000 F only. Both sinusoidal and step-input signals 
were simulated during the study, but the curves are for 
step-input only 

An increase in source pressure gives increased “gain” 
output vs input movement), faster response, better damp 
ing, and a frequency of oscillation that rises above natural 
frequency of load, resulting in better control. Other data 
not plotted) show that higher temperatures—even those 
far above 1000 F—can improve performance of such a 
servo, but to a lesser extent than pressure. 

Hot-gas servos have been used for several vears in mis- 
siles, and although the designs are proprietary, they re- 
semble the sketch. Basically, all systems have a constant- 
pressure source of gas controlled by a servovalve positioned 
by an electronic amplifier and torque motor. Valve may 
be open- or closed-center type (orifice nozzles constanth 
ypen; or closed until servo is to be actuated). Final ele 


ment is a feedback loop that sends signal from output 
piston to input amplifier 


PNEUMATIC AMPLIFIERS 


Electromagnetic devices normally used for amplifying 
ind controlling output and input signals are not reliable 
it extremely high temperatures, and much development 
work has been done on nonelectrical amplifiers and con- 
trol elements. One such is the fluid amplifier developed 
at the Army’s Diamond Ordnance Fuze Lab (PE—Mar 
14, '60, p 17). It works on gas (or liquid), and consists 
solely of a block of metal (or ceramic) in which fluid pas- 
sageways have been strategically placed 

Principle of operation is simply the deflection of a 
high-power stream of gas by a low-power stream at right 
angles to it. In effect, the high-power stream is “aimed” 
by the low. Useful temperature can be extremely high 
it is limited only by the metal or ceramic chosen. Speed 
of response of a pneumatic amplifier is slower than that 
of an electronic version; it is roughly in the ratio of the 
speed of sound to the speed of light. Power amplification 
can be about 100:1. This fluid amplifier, however, is still 
in the research stage and is not available as a control com 
ponent. 


PRODUCT ENGINEERING - OCTOBER 17, 1960 


3000-psi supply 


in 


1000 - psi supply 


volve motion, 


Load-piston travel, % full stroke 
Control 


he psi supply 
2 ~ 























0 


0 O02 O04 O06 O08 


Time, seconds 


LOAD-PISTON MOVEMENT for hypothetical 1000-F pneu 
matic servo on previous page depends on supply pressur« 
and control-valve position. Against a given load, higher 
source pressure results in more output movement for given 
input. Input here is step-function type, in which spool is 
moved suddenly from center to given position X. All data 
were from simulated operation on analog compute! 


EDITOR’S NOTE: High-temperature and high-pressure 
fluids and devices have been the subject of these previous 
articles: 

Modern Fluids for Power and Control, Jan 18 '60, p 56 
Design data on most hydraulic fluids, including petroleum 
silicones and glycol, giving viscosity, bulk modulus, solu 
bility and compatability up to 200 or 300 F. 

New Data for High-pressure Air, Sep 14 '59, p 71—-Up-to 
date summary of air properties up to 5000 psi, from 100 
to 250 F, based on Amsterdam Institute research. Graphs 
are designed for quick reference 

High-pressure Pneumatic Circuits for Aircraft, Mid-Oct 
'55 p J-26—Discusses storage and system-design problems 

High-temperature Electrical Equipment, Sep 26, 60, p 56 

Describes developments in motors and solenoids that 
can operate at 1000 F 


Look for article in coming issue on unusual hydraulic 
fluids designed for 500 F and higher. Included are liquid 


metals and salts 
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Newer Way 
to Put Stars Through Their Paces 


Latest-design projector at Hayden Planetarium shows all celestial objects 
visible to the naked eye in position corresponding to any date and 
latitude. Positional error is less than 1° in the equivalent of 100,000 years. 


PS On inside of its dome the planetarium realistically motion, which occurs at rate of one revolution every 25,800 
years, requires gear reduction of 156,000,000,000 to 1. This 


represents the sun, moon, planets and 8900 stars. Gear 
tons and rises approximately 


trains and motors are interconnected to recreate exact new projector weighs 21/2 
daily) and annual movement of the earth as well 17 feet above the floor. It was installed at the American 
Museum's Hayden Planetarium, NYC, by its designers and 
Oberkochen, Wuertt, W Germany 


diurnal 
as precessional rotation (movement of earth’s axis relative 
to positions of the fixed stars). Allowing for precessional constructors, Carl Zeiss, 
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N. fixed star 


N. constellation name 
or figure projectors 





projector corrier 





N. planetary projector 
corrier 


) 
S. planetary projector 
corrier 


S.fixed stor 
projector carrier 


Saturn projector 


Sun projector 


Moon projector 
Yoke 


Stub shoft 


Main drive housing 


Mercury projector 

Venus projector 
Mors projector 
Jupiter projector 


S. constellation name 
or figure projectors 
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DUMBBELL-SHAPE INSTRUMENT has spherical end 
pieces that house the fixed-star projectors. The latticework 
sections connecting these end pieces to the main drive 
contain the projectors for the sun and moon plus the 
planets Mercury, Venus, Mars, Jupiter and Saturn. This 
latticework provides rigidity with light weight and pre 
sents minimum obstruction to light rays from planet 


projectors 


..+ The polar axis of the instrument, P,-P,, represents the 
north-south axis about which the earth rotates daily. By 
tilting around the east-west axis, E-W, which is horizontal, 
the geographical latitude can be altered as required. With 
P,-P, axis horizontal, the star pattern represents the view 
seen by an observer at the equator 


. +» The main axis of the instrument, Q,-Q,, is 234¢° from 
the north-south axis, P,-P,. This axis Q,-Q, represents the 
ecliptic, whose direction is perpendicular to the plane 
described by the orbit of the earth around the sun. 
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... Stub shafts fixed to the frame rotate in the yoke around 
the east-west axis E-W. The entire instrument may b« 
rotated around this axis in 6.5 min. The main drive hous 
ings are mounted on ballbearing rings and interconnected 
through the yoke 


» » The drive mechanism produces daily rotation of the 
earth about polar axis P,-P, and yearly rotation around 
ecliptic axis Q,-Q;, plus extremely slow precessional rotation 
(once every 25,800 years), provided by a series of drive 
motors. These motions are carried out at a greatly accel 
erated rate (diurnal rotation in 4 min.) but with the exact 
interrelation that occurs in the movement of the planet 
The gearing which connects these movements is perma 
nently meshed to maintain the correct settings; no clutches 
or slip couplings that could be disconnected are used 

The small spherical housings at each end of the instru 
ment project the names or the outlines of the familiar con 
stellations. The two “ruffs” are used to mount and house the 
projectors for the brightest stars plus three variable stars 
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Fast precession 


Differential planetary 
reducers 


Diurnal 
motors 


Latitude 
motor 


Annual 
motors 


Differential 
planetary 
reducers 


Annual shaft 


Precession shaft 


PROJECTOR MOVEMENT is controlled by a series of 
1/6-hp, three-phase motors running at a constant speed of 
1380 fpm. The diurnal and annual movements are produced 
by operating two or three motors either forward or reverse 
These operating combinations are made possible by the 
use of differential planetary reducers. 

. Diurnal motion around the axis P.-P. is provided by 
two motors driving through reducers, right-angle drives 
and the diurnal worm and wheel. Depending upon the 
motor used, a complete rotation equivalent to a full day 
can be made in 12 or 4 min. Running both motors together, 
or one forward and one reverse, results in speeds of 3 or 6 
min. per rotation. 


. . » Annual motion about the axis of the ecliptic Q,.-Q. may 
be combined with diurnal motion. To simplify observation 
of the revolution of the planets, the annual motion may be 
run independently. Run singly, the annual motors permit 
one year to be represented in time intervals of 12 min., 
4 min., or 11 sec. In combination the three motors can 
cover one year in 6 min., 3 min., or 10 sec. 
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Planet drive 


_—Precession drive 


Differential 


Precession 
gearbox 


Stub shaft 


Diurnal worm drive 


. Precessional movement of the earth’s axis is super 
imposed when the annual and diurnal motions are com 
bined. 

This motion is opposite to the earth’s rotation about the 
sun and requires 25,800 years to complete. This pre 
cessional motion is demonstrated by rotating the instru- 
ment around the ecliptic axis Q,-Q,. The precession drive 
is powered by the annual motor through a gearbox and 
differential. A fast precession motor has been provided 
because the normal precession movement is too slow for 
demonstration purposes. Driving the arm of an inter- 
mediate gear in the differential, the fast precession motor 
completes one rotation in 4 min. 

Planetary projector movement is provided by a shaft run 
ning from the precessional gearbox to the north latticework 
structure in which the projectors are mounted. This shaft 
powers the projector drive for the moon, sun and Saturn. 
Motion ig transmitted to the southern half of instrument 
through a shaft and gearing. The southern latticework 
supports the projectors for Jupiter, Mars, Venus and 
Mercury. 
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CREATIVITY TESTS ARE 


HELPFUL 


@ /n our Feb 22 issue, Dr 


Donald A. Schon of Arthur D Little Inc made a sharp 
attack: “These tests rest on certain false assumptions 
which make them ineffective and in some cases down- 
right harmful.” @ Here’s rebuttal by the men who de- 
signed, validated and used one of the creativity tests 
most severely criticized by Dr Schon @ 


ALVIN L SIMBERG 


Supervisor of personnel research & development, A C Spark Plug Div 


Dr RICHARD H HARRIS 


Director of employe research, General Motors Corp 


No on pretends that psychological testing is the com 
plete answer to personnel selection; and few responsible 
companies makes selections solely on the basis of psycho- 
logical tests. Actually the more responsible the company 
the fuller use it will make of all the measures of a man’s 
suitability for a particular position. 

But certainly every responsible company will attempt 
to improve its selection procedures, and carefully con 
trolled studies suggest that some of the newest psycho- 
logical and technological concepts show considerable 
promise. 

What we are after is an instrument or tool that will 
give a supervisor some estimate of the creative ability of 
his staff—an estimate that can be used independently 
of job performance as a check and as a predictor of 
performance. 

The AC Test of Creative Ability was an original work 
by the authors. It was based in part on earlier research 
by Prof J. P. Guilford of the University of Southern 
California. He had investigated the different factors in- 
volved in creativity and tried to measure them. The 
factors he isolated were: fluency, flexibility, ability to 
change set, ability to visualize new uses for common 
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objects and, finally, a certain discontent with things 
they are. Later studies have proved that the AC test can 
reliably differentiate individuals considered creative b 
their supervisors from those who are not 


Definitions Are No Problem 


The most frequent objections to tests of creativity are 
that creativity has not been adequately defined, that the 
characteristics of creative men are unknown or unknow 
able, and that there are “different types” of creativity. 
All these are, in fact, quite academic and of little practical 
significance. Whenever we have set up an experiment 
and asked supervisors about creativity they were in sub 
stantial agreement on which men are or are not creative. 
As with intelligence, or the force of gravity, we all know 
what the characteristics are, even if we don’t know pre 
cisely what causes them. 

Our test was designed as an indicator of a person's 
ability to produce a number of unique ideas for a given 
situation in a given amount of time. The result is not 
an absolute measure of creativity but a relative ranking 
of the individual in his own company group. 

In our company, we have established separate norm 
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continued 


CLEATIVITY TESTS 


for engineers, supervisory personnel, and hourly rated per 
sonnel. We have found statistically valid differences in 
range and test scores for these groups 


The Test Itself 


[he test is in five parts. Each part is separately timed 
and the total working time is 80 minutes. There are no 
multiple-choice or true-false questions. Each answer must 
be created in the imagination of the person taking the 


test. Here is an example of each type 


1—In a thick fog in a major American harbor, a pas 
senger liner moves cautiously toward its berth. The 
liner has the latest radar equipment, but the equipment 
is inoperative and the radar operator is unaware of 
this fact. Another boat approaches the liner amidships, 
and it is obvious that neither ship is aware of the 
other’s presence. List all the things you think mighi 
happen as a consequence. 

This test contains five such situations. You list as many 
possible consequences of each situation as you can. Scores 
are a function of quantity and a uniqueness of the imag 
ined consequences, (20 min. 

2—-List as many reasons as possible to explain the 
truth of this statement: Residents of Chicago consume, 
on the average, more Brazil nuts than residents of 
Omaha. 
This is a test of general reasoning. Five unusual and 
You must 


marshal your arguments to make them seem reasonable 


not necessarily true statements are presented 


[his part also yields a quantity and a uniqueness scor 
(10 min 


3—List all the things you think are wrong with, o1 
could be improved upon, in a wrist watch. 
A test of awareness of the problems in five common 
appliances. This part yields a uniqueness score 15 min 
4—An Air Force pilot is told to take samples of air 
at five different altitudes up to 10,000 feet. For this 
purpose he is given a small plane with a nonpressur- 
ized cabin and five bottles with small openings that can 
be sealed with a cork. When he is ready to take off, it 
occurs to him that the bottles already contain ground- 
level air. This air has to be removed so that air at the 
varying altitudes can be collected. Rather than go to 
the trouble of locating a pump or other special device 
to create a vacuum in each bottle, how can he accom 
plish the assigned task? 
This is a test of practical judgment 
situations call for solutions that are least expensive anc 


The five problem 


least time-consuming. This part yields a quality score 
‘20 min.) 
5—How many uses can you think of for a common 
paper clip? 
The five common objects 
(15 min 


This is a test of originality. 
yield both a quantity and a uniqueness score 
Scoring 

The test produces three types of scores 
Parts 1, 2, 5) 


[he measure of uniqueness is derived from a statistical 


Quantity in 
Uniqueness (1, 2, 3, 5) and Quality (4 
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tabDulation—answers given infrequently get mor points 


than the more common Quality of a solution 
in Part 4) is measure rains ile set by panel of 
judge The judg iwartd ighest scores to the least 
expensive and 

As you can 


fluency, prob 


till the prim¢ 


flexibility 


gination 


The Results 


INVOI 
use this test h first had to send 
offices to lear 

ind interpretatioi her idatir idy had 


Kiministration 


made, consisting o oup 


nT 
I 
the user’s compan ictiol were not 


own benefit but 

to use the test 

In this way we ha 
formance of the test 


rainst which in dual may be me 


norms ag 
Che original validation study was conducted on 
neers from two divisio ur compan Half 
36 engineers h n rated by their supervisor 
sistently produ ing many unique ideas; the other 
rarely produced ix vf al nd. We found that the 
test differentiated between th eroups at the 1% 
level of statistical 
A second gr 
of an entire cd 
intendent and 
judged the indi 
the group, 22 
while the perfor 
had, at one time 
The difference 
scores varied from undet 0 to over 6000 
f the low group wv 
high group was over 350 rge a difference 
lustering of the 


have 


rem irkable 
10 while the 


combined with the relati 
in each group around it could not 
obtained by chance i re than one case out 
Thus the test 1] 
groups at the 1% signif 


hundred 


Thus far, we had been correlating the tests with rating 
or opinions of superio \ third study was then conducted, 
using the number of suggestions turned in hourly rated 
employes as an objective measure of creativity The study 
involved 28 pairs of individuals. Each pair had one man 
with an outstanding sug ic ecord and one with a 
poor suggestion record matched as nearh 
as possible both mer t] ir \ from the sam¢ 
department, with the sam« pervisor, the same job classi 
fication and equivalent seniority. It was found that the 
quantity scores on the test we wain related at the 1‘ 
level to the number of suggestions turned in by these 
pe yple 


Still other typ« f I vere sought At MIT, 45 


| 
I 
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senior engineering students enrolled in a product design 
course were given the test. This course strongly empha 
sized imagination because of the nature of the material 
covered and the projects assigned. The instructor, Prof 
John Arnold, did not see the test results until after final 
Che differences on test scores 
between students earning grades of A and students earning 


grades had been assigned 


grades of B were again significant beyond the 1% level 
In addition, the instructor had made subjective comments 
ibout the observed creative ability of each student. These 
were based upon his observation of their methods, ques- 
tions and performance during the semester. Again, the 
test found differences closely associated with his comments 

lhe AC Test of Creative Ability has been tried in many 
divisions of General Motors Corporation as well as in 
many companies outside of General Motors. Complete 
validation studies have been undertaken at Underwood 
Corp, Dow Chemical, Smith-Kline-French, etc. All results 
were positive and significant. In other words, the test 
successfully differentiated between groups of people con 
sidered creative and not creative 

Fveryone is looking for the man with ideas. It really 


does not matter so much whether he searches his own 
experience for ideas or whether he solves his problems 


piecemeal or whether he uses analogies. What is impor 
tant, and most often overlooked, is that in all of these 
ipproaches he is using his imagination and developing 
ideas. If you can find a person who has ideas, and who is 
not reluctant to give them, you can infer that he would 
be a better risk than 
this ability. The AC Test of Creative Ability purports to 
measure the number of unique ideas which an individual 


someone who does not demonstrate 


can develop for a given situation 


Try It Yourself 


We have no intention of making a profit out of this 
so it was offered to the Industrial Relations 


EDITOR’S NOTE: For more on crea Creativity ... 
tivity and pre-employment tests for Fad, Aug 24 ‘59, 
engineers, see: 
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Are Creativity Tests Helpful? Feb 22 
‘60, p 37. This is the article that 
started the debate. Management’s in 
tensified interest in creativity has 
brought a number of types of tests 
into vogue. They take various ap 
proaches, disagree on what variables 
measure creative performance. Author 
suggests they may be more for tester 
than testee 

How Good Are Engineering Apti- 
tude Tests, Nov 30 '59, p 32. A report 
compiled from testing agencies and 
personnel departments, describing ad 
vantages and limitations of ability 
tests and other psychological exams 


tive people 


Included are examples of typical engi Lone Invention—No Lost Art, June 
2 '58, p 26. Individuality need not be 


neering tests 


PRODUCT ENGINEERING + OCTOBER 17, 1960 


the Facts Behind the 


information brought to light at a 3-day 


Harvard conference on creativity 


Research Management. . 
lem in Personalities, Sep 8 '58, p 30 Dec 30 
\ description of typical research per 
sonality types, and suggestions for the and tension, stifling creativity. Here 
kind of incentives that appeal to each are the grievances and a list of 

Individual Invention —a Lost Art, 
The inventor of the 
process used for producing titanium 
and zirconium claims that individual 
thought is a valuable resource. 


Feb 24 °58, p 33. 


+ 


Center, University of Chicago, which is now making it 
available to interested users. This nonprofit organization 
is observing the cautions stated above and requests careful 
consideration before the test is used. The charges only 


cover printing costs. 
The Other Criteria 


Let us repeat, tests should never be used as the sok 
determinant in making personnel decisions. The employ 
ment interview can yield excellent indicators of interest, 
personality, maturity and appearance. A thorough inter 
viewer will pay careful attention to references—the types 
of people listed and what they say. Former employers 
can help corroborate what the references say about honesty, 
stability, dependability and other character traits. Resumes 
of education and experience are also useful in assessing 
an individual 

When a man is considered for promotion, job-perform 
ance appraisals are excellent. ‘They may show how he 
gets along with others in the department, how well he 
does his job, whether he assumes responsibilities. ‘Thes¢ 
ire all questions which the new supervisor would want to 
know. In some cases, a job tryout is possible; this is a 
chance to watch the individual perform different functions 

All these techniques and others can yield information 
that no test yet devised can duplicate. The tests, on the 
other hand, can give information extremely difficult to 
obtain from other sources. Each source complements the 
other and no effort is made to say that one or another 
of the sources is most important. No responsible manu 
facturing manager would deliberately avoid using modem 
tooling. No competent engineer would refuse to consider 
new materials that have unusual, useful properties o1 
characteristics. It certainly follows that no responsible 
personnel manager would avoid using one other technique 
or tool, such as a creativity test, if he first proves to him 
self that it can help him select more creative employes 


hostile; cooperation between creative 
people is possible without sacrificing 
originality or independence 


A summary of 


Can You Spot a Creative Engineer? 


Are You Creative? Nov 17 ’58, p 28 June 16 ’58, p 30. A checklist of un 
\ psychologist lists traits, both social usual attributes of creative people, 
and personal, common to most crea 
his wife illuminates 
each trait with a personal note. 


suggesting that creativity doesn’t 
necessarily wear a tweed jacket and 
smoke a pipe 

Organization and the Human Being, 
57, p 26. Formal organization 
of large corporations results in conflict 


a Prob- 


remedies 

Interviewing Engineering Job Ap- 
plicants, July ‘55, p 158. Suggested 
preplanned interviews in which the 
applicant’s response can be inter 
preted to give a clear indication of 
his engineering ability 





HOW THE 
RESISTANCE TRANSDUCERS 
compare 


When a control system needs an electrical signal 
responding toa change in position or displacement, 
these devices offer a varied combination of range, 


sensitivity and linearity. 


J R McDERMOTT 
Electronics consultant 


McDermott Associates 


Resistance transducers transform mechanical motion into cross-section, producing a change in resistance propor 

an electrical signal, with the magnitude of the signal dc tional to strain or displacement 

pendent on the displacement. Change of resistance result Maximum change in resistance is about 1%, and be 

from changing the active area or length of the conductor cause output is low—in millivolts—it requires amplification 

This is done by either linear or rotary displacement It is invariably connected for operation in a bridge-typs 
circuit. The output voltage can be increased by using a 

POTENTIOMETER higher bridge-excitation voltage, but because of the fine 


4 wire, this is limited by the danger of overheating the wire 
Simplest form of potentiometer transducer is a straight 


resistance wire or ribbon with a sliding contact. Resolution 
is infinite and motion may be linear or rotary. On 
limitation of this type is its low resistance, seldom mor 
than 10 ohms. For higher resistance, the wire is wound 
around a core, and resolution is limited to the resistance 
of a single turn. For rotary displacement this construc 
tion is a standard potentiometer. 

Linear travel is usually limited to a few inches, but 
lengths up to 30 in. or more can be provided. Rotary 
potentiometers are available for a single rotation of less 
than 360°, or some multiple—10 full turns for a common 
type, or as high as 40 turns. 

In some applications, the potentiometer output can 
be applied directly to provide an indication or control 
However, it is sensitive to loading, particularly in the higher 
range of resistance. This effect distorts the output func 
tion. Amplifiers may be used to overcome this limitation 
in the use of potentiometers 


and damaging the gage. Individual gages vary in resistance 
depending upon the application and gage type—usuall 
between 50 and about 5000 ohm 


STRAIN GAGE 


This type of transducer consists of a grid of fine wire o1 
a thin conducting pattern, = the order of . few thou Carbon pile is a highly nonlinear transducer. Highest sensi 
sandths of an inch or less. When this grid is subjected sitivity to change in force is at light loads, and minimum 
to strain, the wire increases in length and decreases in range usually is limited by stability of response 
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Air bubble 


Contoct A 


Contact B 


\ 
\ 
\ 


Contac? C Electrolyte Gloss 





Bridge output voltage 


05 








0 


Degrees of tilt 


Electrolytic transducer made by Hamlin Inc, based on the 
common spirit level, is highly sensitive to small displace- 
ment from its null or center positions when used with a 


CARBON PILE 


One of the oldest forms, 
stack of thin, flat carbon disks mounted between a 
and a movable electrode or support. When a force is ap 
plied to the stack and the carbon disks are compressed 
against each other, resistance of the stack decreases. 

Resistance and continuous but 
nonlinear and sensitive to temperature. A linear output 
can be approached by using two piles in a resistance-bridg« 
circuit, and applying the force to one while reducing it 


the carbon pile consists of a 


hxed 


variation is smooth 


iainst the second. ‘lhis bridge connection also minimizes 
the influence of resistance change from heating. 

Change in resistance takes place at the interface between 
the disks, and not inside each wafer. At light loads (high 
resistance value) external vibration can produce hysteresis 
and drift in resistance. For most applications it is neces 
sary to limit the higher resistance value by preloading. 


ELECTROLYTIC 


he resistance between two electrodes in an electrolyt« 
depends on the electrolyte and shape of the conducting 
path. Changing cross-section or length of the path varies 
the resistance. An example is a transducer using this 
principle which has recently been developed by Hamlin 
luc for measurement of small angles. Essentially, the 
device is a bubble level with a common electrode always 
immersed and separate electrodes extending into the bubble 
each end. When connected in a bridge circuit, 
tilting of the device increases the resistance in one leg and 
decreases it in the other. The change is relatively linear. 

At the center position is a small null potential—in the 
order of 10 millivolts for usual bridge applications. The 
rate of change in signal with rotation is maximum at the 
centerpoint, and the device is sensitive to 1 min. of arc. 
Power output is limited by heat dissipation, and also by 
bubbling at the contacts, which decreases stability of 
the null point. It has a relatively large variation of resist 
ance with temperature, but when used in a bridge circuit 
this only changes the magnitude of the signal and does 


from 
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bridge circuit. Bridge must be energized with ac 
effects of polarization on electrodes. The unit 
level platform, and is most effective as a null 


requires 
device 


Lab, using a co! 
have essentially 


Pressure cells made by Clark Electroni 
ducting resin as the sensing element, 
linear response at light loads—with decreasing sensitivity 


as load increases 


not affect the location of the 


zation effects, ac excitation 1 


PRESSURE CELL 


Certain intermetallic resins change resistancc 
pressed, providing a solid-state transducer suitable for force 


when com 
measurement. Typical form, as produced by Clark Ele 
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to avoid 





BASIC TYPES OF 


TYPICAL POTENTIOMETERS STRAIN GAGE 
CHARACTERISTICS 








} 3 ROTARY 





LINEAR 





Excitation Ac or de 
voltage 





Resistance Ohms to megohms, depending on winding 50 to 5000 
range, ohms 





Displacement Normally 2 or Up to 40 revolutions 0.003 in. max 
range 3 in.; can be 
made any length 








Actuating 0.005 to 10 oz-in 0.2 to 100 oz 
force 





Output Depends on applied 0.010 to 
excitation voltage 0.045 volts 








Type of Voltage divider Bridge 
Circuit Used 








Auxiliary Amplifiers may be used Amplifiers 
equipment 
required 





Accuracy 1% 1% 0.1% 





Typical Measurement of Measurement of Load cell, 
application linear angular strain 
displacement displacement measurements 

















tronic Lab, is a resin pellet bonded to a recess in a brass 


or stainless steel holdex 

These cells have a relatively wide change of resistance 
Load depends on the composition of the resin, ranging 
about 15:1 for cells with resistance in the order of ohms, 
to a change as high as 3,000,000 to 1 for cells with a 
maximum resistance of 100 megohms or more. Highest 
sensitivity is at lighter loads where response is nearly 
linear; resistance change becomes nonlinear with increas 
ing loads. 

High outputs are obtained directly; a unit rated at 30 
ohms minimum change, on 6 volts dc conducts less than 
0.2 amp at no load; at rated load of 2 Ib, the cell resistance 
decreases to conduct a current of 3 amps. 

hese cells are essentially a pure resistance, and can be 
used with relatively high-frequency currents, limited by 
capacitance between the cell contacts. Cells are sensitive 





to high temperature (over 500 F), which decreases sensi- 
Spring extension ——> tivity and limits the power they can handle to about 10 
Varteblopiteh epring has & dlocsly Mncer response with watts, although special units have been designed for higher 
some directional hysteresis. Sensitivity varies with resis- dissipation. 
wie ioumi ar aie alen spring material; range varies VARIABLE-PITCH SPRING 
One useful but not too well known form of resistance 
transducer is a variable-pitch tension spring. It may be 
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RESISTANCE TRANSDUCERS 





CARBON PILE 


ELECTROLYTIC 
CELL 





aN huni 








~—==_> 
+s 








— 


PRESSURE 
CELL 


SPRING 








Ac 


Ac or de Ac or de 





0.015 to 2.5 min 
0.30 to 60 max 


Depends on 
electrolyte 


500 min 
100 megohms max 


Closed, 0.1 to 5; 
open, 3 to 20 





0.006 to 0.018 in. 


Depends on 
application 


0.0005 in. min 
0.007 in. max 


0.0001 to 
0.6 in. 





1 oz to 32 Ib 


Low 


0 to 4 oz min; up 0.03 to 5 oz 


to 40,000 psi max 





Depends on 
applied 
voltage 


Depends on 
electrolyte 
and applied 
voltage 


Depends on 
applied 
voltage 


Millivolts to over 
100 volts, depending 
on cell rating 





Series or 
bridge 


Bridge 


Series or 
bridge 


Series or bridge 





None 


None 


None None 





5% 


1% 


2% (see note) 1% to 2% 





Noncritical 
control of 
voltage or current 








Measurement 
of angular 
displacement 





Load cell, 
solid-state contactor 


Measurement 
of linear 
displacement 











ells higher ré 


wound with varvi 
formed with vary 


having a uniformly decreasing cross 


With no load, 


+ 


+ 
SCA 
all coils mak 


ind resistance is a minimum 


turns gradually separate, increasing th« 


essentially linear rate. 


hese spring transducers can be mad 
noble metals or steel, gold-plated for be 
diameters used range from 0.005 to 0.( 


resistance values are 0.1 to 5 ohms 
springs, the ratio of maximum to minim 
be as high as 50 to | 

For operation over short periods of t 


y 
l or 2 over short ranges 


of operation 


leviation can be maintained within 


EDITOR'S NOTE: For additional in 


formation on force sensors, see 


Better Accelerometers off the Shelf, 
Sep 5 ‘60, p 54 and 
pares six types of accelerometers 
in testing, speed control, remote level 
ing, and balancing 

Piezoelectric Transducers Measure 


Describes com 


used 


lor gold plated stee) 


sistance 


‘ ] 


ver its length, o1 


wound with wir 


1On 


contact with each other, 


VW he n the 


force is applied, 


resistance at an 


e of high-strength 
tter contact. Wire 
15 in.; minimum 
] 


um resistance may 


ime, error is only 
0.001 to 0.01 in 


Linear rangé 


Fiuctuating Forces, Pressures, Accel- 
59, p 61 
accelerometers 
limitations and applications. 

Pressure-sensitive 
ures Explosion Forces, or Footfall of a 
p 106 


erations, Apr 27 
electric 


Fly, Sep 16 '57, 
application 
made from 


data 
rare 
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e cells ‘are less ace 


earths. 


urate 


be expanded by 


in a resistance bridge 


SEMICONDUCTOR 


\ new line of solid-state pressure transducers wa 


cently announced by Fairchild Controls Corporation. Thi 


sensitive clement consists of several microminiature, pleze 


resistive, semiconductor elements coupled to a resilient, 


low-mass, alloy steel diaphragm and conn 


conventional four-arm bridge Applied pressure deflect 


the diaphragm and produces a signal proportional to the 


deflection. Nominal excitation voltage is 10 to 25 volts 
de; at 20 volts, a full change in pressure produ 
[hese 


gages with full-scale values ranging from 


ces an out 


} 


put of 5 volts. units are incorporated in pressur¢ 


100 to 10.000 


psi; still lower ranges are under developmen 


Three articles on applica and 

design of strain-gage bridges 
Strain-gage Balancing Simplifies 

Multiple Bridge Measurements, June 

Meas- 56, p 161 

Strain-gage transducers, 

196 

Strain-gage bridge Sensitivity Con 

trol, Jan ‘56, p 


tion 
How piezo 
work; their 


Material 
March ‘56 
Properties and p 
pressure cells 





SILICONE NEWS from Dow Corning 


Exact Copies Fast! 


POUR RTV 





STRIP MOLD 


SILASTIC RTV makes precision molds 


in minutes 


These photos illustrate how easily you can produce exact molds and 
prototypes in a matter of minutes, instead of days or weeks. The 
medium: Silastic? RTV, the fluid silicone rubber that vulcanizes 
at room temperature. 


The beauty of this silicone rubber: you simply add catalyst, mix and 
pour Silastic RTV into or around the object you wish to reproduce. 
The fluid rubber flows into the tiniest crevices, fills voids in even 
the most intricate parts, and vulcanizes without heat to form a dur- 
able accurate mold. } 


POUR RTV 


The cured mold easily withstands 500 F temperatures. You can use 
it to cast a variety of plastics or low-melting alloys. Release is no 
problem. The firm but flexible mold made of Silastic RTV strips 
easily from metal, wood, plaster, plastic and most other materials. 
Store the mold; it doesn’t change on aging (crack or check) and you 
can make exact reproductions months, or even years later. 


Using Silastic RTV is the quick and economical method of preparing 
duplicates that match the original in every detail. May we assist 
you in adapting this new design and development tool to your special 
needs? Write on your letterhead for free sample and how-to-use 
information. Address Dept. 7210. FINISHED PART 


The nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, BD. Cc. 
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BEAMS: ENGINELSRING 














how much torsion for 
OFF-CENTER LOADS? 


-|N moO 


Unsymmetrical beams twist under bending loads. Labor-saving curves 


for two common cross-sections locate shear center that simplifies torque calculations. 


S WARREN KAYE, Missiles Systems Div, Raytheon Co, Bedford, Mass 


Whren a force loading a symmetrical beam 
passes through the centroid, it produces pure 
bending. But with unsymmetrical beams the 
force twists the beam while bending it. To 
produce pure bending and no torsion the load 
must pass through the “shear center” of the cross- 
section. Knowing the location of the shear 
center also enables predicting how much torsion 
is produced by a force that does not pass through 
the shear center. Only then can one find stresses 
and deflections. The following plots locate shear 
center for lipped channels and hat-sections 


-|a]z/o 
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Lipped-channe/ ratios 
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“ALCOA ALUMINUM SCREW MACHINE STOCK 
ALLOY 6061... FOR VERSATILITY!” 


Precision-made, high-volume screw machine parts cost 
less in aluminum 


Here’s versatility! Alcoa Alloy 6061-T6 or -T651, be- 
ing lightweight aluminum, gives you three times more 
parts per pound than other, heavier metals. And this 
alloy gives superior finishes . . . can be joined easily by 
welding, brazing or soldering . . . may be anodized in a 
wide variety of colors . . . stands up to service under 
corrosive conditions! Machining speed, light weight and 
end-use adaptability . . . all add up to faster production, 
lower machining costs, higher profits. 

Want to make cost conversions from brass to alumi 
num and compute costs quickly? Ask your Alcoa dis 
tributor or Alcoa sales office for your free Alcoa Conver- 
sion Calculator. Get your free Alcoa Screw Machine 
Stock Estimating and Operating Data Book, too... 
packed with technical data on aluminum screw machine 
stock. And ask about other Alcoa alloys: 2011-T3 or 
-T8.for superb machinability and still faster cutting, 
2017-T4 or -T451 and 2024-T4 or -T351 for strength at 
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low cost. Aluminum Company of America, 841-X Alcoa 
Building, Pittsburgh 19, Pa. 


AS AN ALCOA CUSTOMER, YOU GET ALL THESE 
“EXTRA BONUSES”: 


Wide range of stock sizes for important price advantages. 
Guaranteed market for up to 60 per cent of your Alcoa® 
Aluminum turnings and borings 

Extensive mill and distributor inventories to meet all 
requirements 

Chamfered ends at no extra cost 

Specific 12-ft lengths at no extra cost (for rounds up to 
2%, in.; hexagons up to 2 in.) 








SCREW MACHINE STOCK 
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EXAMPLE: How much torsion will force 


F produce in the hat-section at left? 


SOLUTION: Shear center is at intersec- 
tion of the two shear axes. Horizontal 
axis coincides with the axis of symmetry. 
Use curve to find dimension which lo 
cates the vertical shear axis 

Ratios for the hat-section are 


b/h 3/5 0.6 


c/h 1/5 0.2 
From the curve, e/h 0.28 
rherefore ¢ 0.28h 0.28 x 5 
1.40 in. Moment arm of F about shear 
center is e +] 1.40 + ] 2.40 in., 


therefore torque is 2.40 I 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


“v" BELT ec 


PLANET PINION ASSY. . Ry T mmuammnel 





MOLDED-IN-PLACE 
SPLINED NYLON BUSHING 


SEAL LUBRICATION PORT 





ROTATING GEAR CASE ASSY 
(input) . 


FLANGE FOR REACTION 
ARM ATTACHMENT 


SEAL LUBRICATION PORT 


STATIONARY SUN GEAR 
(KEYED TO REACTION HUB) 


Shaft-mounted rotating transmission . . . 


is said to be one-third smaller and to 


provide up to six times the torque of 
other types of transmissions. Capable of 
reduction ratios up to 270:1 exclusive of 
additional reduction through pulley drive 
from drive motor, and wide range of con 
trol options for clutching, shock and ove1 


load capacity 
I'ransmission, concentrically mounted on 
driven shaft, operates machine at reduced 
speed from that of drive motor. Entir 
transmission is contained within outer sur 
face, machined for V-belt drive from 
motor. Basic unit is differential planetary 


ind dual-speed operation 


gear transmission. Cutaway shows internal 
irrangement of three-pinion assembly trans 
mission and manner in which power fron 
drive motor is transmitted through V-belts 
which fit in grooves on rotating gear-cas 
Through use of injected-nylon 
splining, transmission can incorporate as 


assembly 


many as 12 planetary pinion assemblic 
ompared to two sets for conventional dé 
vices. Available in capacities from fhp 
through 60 hp, for torque ratings through 
21,850 ft-lb in standard models with 
double planetary gear sets of two to six 
gears. Priced from about $110 to $4000 for 
units with max output torque of 115 t 
21,850 ft-lb. Delivery time, about 6 wk 
Airborne Accessories Corp, Industrial Div, 
1414 Chestnut Ave, Hillside 5, NJ. 

Circle 300 on Reader Service Card 





Thermohardened beech 
veneers . 

and solid beech blocks are densified under 
great hea. and high pressure to form oil 
resistant material with even hardness and 
low moisture absorption. Said to have 
high wear and abrasive resistance; impact-, 
bending- and tensile-strength; resilience and 
mechanical and dimensional stability. Solid 
and laminated types are available with 
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density ranges of 1 to 1.38 specific gravity 
Cross-bonded laminate 
phenolformaldehyde as bonding 
Available as sheets or blocks for use as 
gears and bearings, templets, steel rule die-, 
blanking and form-blocks, electrical switch 
gear and leaf springs or as finished parts 
made to specifications. Delivery, about 8 
wk. Lignostone Import Co, PO Box 65, 
Gracie Sta, New York 28. 

Circle 301 on Reader Service Card 


veneer utilizes 


agent 


100% solids epoxy coating 
is single component coating for continu 
ous operation to 311 F. High-temperature, 
rigid epoxy system is curable at elevated 
temperature for short period of time 
Heavy coatings are obtainable. Viscosity 
can be adjusted to yield build of 10 mil 
and thicker. Coating can be applied by 
dip or brush methods. Columbia Tech- 
nical Corp, 24-30 Brooklyn-Queens Ex 
pressway West, Woodside 77, NY. 
Circle 302 on Reader Service Card 


Potentiometer-operated 
temperature controller . . 
is based on a transistor-equipped amplifier 
relay circuit. Temperatures are sensed by 
heat-sensitive thermocouple that is in 
serted into medium to be controlled. Accu- 
rate temperature control is said to be 
possible with resistances of as much as 20 
ohm in lead wire between controller and 
thermocouple. Temperature adjustments 
ire made by turning dial on cover of panel 
l'ransparent window provides settings and 
three lights on panel indicate if power is 
on and whether temperatures are above or 
below set point. Nonindicating controller 
ludes built-in proportioning unit that 
prevents temperature overshoot. Tempera 
200 to 2000 F can be con- 
Also available is 


tures from 
trolled to within 4 deg F 


controller with equivalent ranges on Cen- 


tigrade scale. Controller is $150 list, plus 
cost of thermocouples. Minneapolis- 
Honeywell Regulator Co, Control Devices 
Div, 2753 Fourth Ave S, Minneapolis 9. 

Circle 303 on Reader Service Card 
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Potting leakage is prevented 
in potted equipment, such as plug-in sub- 
assemblies, by prepotting the terminal side 
of connectors with foamed elastomer be- 
fore unit is assembled. Elastomer pre- 
potting, which prevents leakage of epoxy 
resin and also provides nonrigid installation 
for connector terminals to prevent shorts 
ir arc-over, is utilized extensively through- 
out equipment produced by this firm. 
Librascope Div, General Precision Inc, 808 
Western Ave, Glendale 1, Calif. 

Circle 304 on Reader Service Card 






































One-piece check valves .. . 
illow free fluid flow in one direction and 
block reverse flow. Leakproof bodies, in 
brass, steel or stainless steel, have soft 
seats. Horizontal poppet guide provides 
seating, checking and in-line self-cleaning 
ction. Positive poppet stop prevents over 
ompression of stainless steel spring. Built 
for operating pressures to 5000 psi. Avail 
able with 4 through 1 in. dry seal threads 
 AND-10050 ports with straight threads 
Prices range from $2.85 for 4-in. unit to 
$25.20 for l-in. unit, list. From stock 
Manatrol Corp, 2372 W 7th St, Cleve- 
land 13. 


Circle 305 on Reader Service Card 


Nylon captive sealing washer 
for screwed assemblies is suitable for appli- 
cations of up to 200 psi working pressures. 
Washer is pushed over screw threads and 
flexible tongues on ID of seal spring into 
undercut or screw thread to retain washer 
when plug, bolt or adaptor to whieh it is 
fitted is removed. For use to 212 F. Avail- 
able for bolts up to 1¥ in. In quantities 
of 50,000 and over, priced at $3.60 per 
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1000 for }-in. sealing washers; $4.74 per 
1000 for 4-in. units; $14.28 per 1000 for 
l-in. units, all FOB NYC. V P Black and 
Associates, 4832 Philadelphia Dr, Dayton 
5, Ohio. 

Circle 306 on Reader Service Card 


Dc plug-in power supplies. . . 
are highly regulated, transistor-equipped 
units with extremely low temperature co- 
efficient, 0.003% /deg C. Available in volt- 
ages to 36 v and currents to 500 milliamp 
Miniature units are said not to be damaged 
by continuous shorts or momentary over 
loads. For inputs of 105-125 v ac; outputs, 
fixed and variable, of up to 36 v de and 
500 milliamp. Reported to have less than 
15 milliv total drift for 8 hr. Withstand 
ambient temperatures of 14 to 140 F. Size 
is 3.5 x 3.75 x 6.5 in. Weighs 3 lb 6 oz 
Price for fixed-output units, $155; for 
variable-output units, $185. Delivery, 2 to 
4 wk. Valor Instruments Inc, 13214 Cren- 
shaw Blvd, Gardena, Calif. 

Circle 307 on Reader Service Card 


Snap-lock plastic grommet. . . 
insulates and supports wire, cable or tubing 
from mounting panel, chassis, wall, hous- 
ing or similar surface. Grommet halves 
are inserted in panel hole and snapped 
together, locking in place. Available in 
No. 3 size with #s in. hole dia; No. 4 for 
} in. hole dia and No. 6 for # in. hole dia 
Can be color-coded. Budwig Mfg Co, PO 
Box 4212, Glendale 2, Calif. 

Circle 308 on Reader Service Card 


Standard flexible-shaft 


assemblies .. . 
assembled from stock components are of 
fered in over 180 variations. Available in 
four cable sizes, 0.130, 0.150, 0.187 and 
0.250 in., as standard flexible shaft for 
industrial use and as standard panel- 
mounted flexible shaft with mounting nuts 
as part of shaft itself. Also offered with 
monodirectional cable for motor-driven or 
high-speed applications and_ bidirectional 
cable for hand-operated control applica- 
tions, F W_ Stewart Corp, 4311-13 
N Ravenswood Ave, Chicago 13. 

Circle 309 on Reader Service Card 


Direct-acting solenoid valves 
are bronze, two-way packed-type, spring 
loaded for positive closing General 
service valves are available in eight sizes 
from % to 24 in. for max pressures from 
40 psi for % and 4 in. sizes to 4 psi for 
2 in. valves. Prices start at $35 for % and 
4 in. sizes. 
quiring large port, low-pressure, direct-act 
ing solenoid valves. J D Gould Co, 4707 
Massachusetts Ave, Indianapolis 18. 

Circle 310 on Reader Service Card 


Suitable for applications r« 


Spline-coupled pumpmotors 
ire said to be almost 3 in. shorter than 
present open-adapter design. Pump motor 
is furnished with coupling, which is splined 
on motor end and has conventional bore 
and keyway on pump end. Motor, with 
pump-mounting face on one end, is avail 
able in all ratings now supplied in NEMA 
frame size 182, 184, 213 and 215, nomi- 
nally 1 through 5 hp, except for explosion- 
proof construction. In addition, dripproof 
and nonventilated motors can be supplied 
with pump-mounting faces on both ends 
of motor. General Electric Co, Schenec- 
tady 5. 

Circle 311 on Reader Service Card 


Parallel shaft speed reducers 
are now available in 57 sizes. Line in- 
cludes single reduction units in 17 sizes 
with ratios up to 9.78:1 and capacities to 
more than 2800 hp; double reduction units 
in 20 sizes with ratios from 11.4:1 to 
70.6:1 and capacities to more than 1700 
hp; triple reduction units in 20 sizes with 
ratios from 31.4:1 to 29.2:1 and capacities 
to more than 900 hp. Shafts can be ar 
ranged to suit specific drive requirements 
Link-Belt Co, Dept PR, Prudential Plaza, 
Chicago 1. 

Circle 312 on Reader Service Card 
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RADIUM 
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General- purpose ac-de relay 
said to be low-cost unit that is availab] 
with transparent plastic cover an 
iled; with SPDT, DPSI 
Offered for 5- an 
opel ition ft 
Over-all dimen 
Features modula 
hinge-pin c 
vith ¢ 


t Magnecraft Electric Co 
3350Y W Grand Ave, Chicago 51 
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High- trongih stools — 


juipment 
ting savings in t 
2 ympan 
abrasion-resist 
Both seri 
primarily from special } 
t treating quenching 
mstructional steel 
grades, representing mit 
JU UU PS1; 100.00 
A brasion-resistant 
| two sets of hardness valu 
srinell hardness rating of 340 
ind with min hardness rating of 
l] 'ypical yield strength is abx 
I 0 psi oth & Laughlin Steel Corp 
3 Gateway Center, Pittsburgh 30. 


Circle 314 on Reader Service Card 


Standard ball screws, splines 
n range of sizes are reported to offer 90‘ 
Extreme positioning accuracy 

1ed with ground thread special 

1 in these standard assemblies 
preloading is impractical due to 
tolerances. Applications lie princi 
moving of loads with low break 


continued on page 88 
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How FRUEHAUF rolls ‘em out stronger, lighter 
...with adhesives based on Tuiokol polysulfide polymer 


Fruehauf Trailer Company 
adapts the unique bonding action 
of polysulfide liquid polymers in 
a unique way. Polysulfide-base 
compound is used to join 1-piece 
roof top to roof bows. Result: 
roof span is lighter, stronger, 
and completely weathertight. 
Rubbery cushion between roof 
and structural members helps 
absorb shock of road travel. The 
use of polysulfide, for the first 
time, permits bonding of bows 
and roof sheet for greatly in- 
creased structural strength. This 
is another outstanding example 
of the industrial applicability of 
adhesive and sealing compounds 
properly formulated with 
THIOKOL polysulfide polymers 

and of the benefits that accrue 


Polysulfide adhesive applied to structural Cross-members held in place to trailer top 
cross-members by machine. sheet by cured sealing compound. 


For further information about hou 
THIOKOI polysul fide polymers SET VE 


industry, and how they may help you 


write to THIOKOL on your letterhead. ' a . 
Providing extra seal at roof corners by Skylights also sealed with polysulfide 


brushing on polysulfide-base compound. type sealants as added precaution to 
guarantee complete weather-tightness 


co 
® Not all polymers are polysulfide. When purchasing ad- 
pou pou I { 


CHEMICAL CORPORATION hesives or sealants, be sure to specify THIOKOL polysul- 


780 N. Clinton Avenue, Trenton 7, New Jersey fide-base sealants. THIOKOL makes only the polysulfide 


polymer, not the finished product 


In Canada: Naugatuck Chemicals Division, 
Dominion Rubber Co., Elmira, Ontario 


®Registered trademark of the Thiokol Chemical Corporation for its liquid polymers, rocket propellants, plasticizers, ano other chemical products 
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new bearings 


for problem applications 


all the advantages of Teflon* plus 
unique resistance to cold flow 


If you can’t keep bearings lubricated—if they operate in corrosive at- 
mospheres, or in high or low ambient temperatures — RILOAD®* 
bearings will work where nothing else will. Teflon’s inherent low 
coefficient of friction remains the same from — 450° to 500° F., and it 
resists virtually any corrosive atmosphere. 

RILOAD bearings are custom made with glass filled Teflon (in- 
creasing wear life 500 times) molded onto perforated metal. This 
unique design increases mechanical strength and gives high resistance 
to cold flow; PV values in the order of 20,000 have been applied. 
Riload Bearings are designed to dissipate heat efficiently and will 
operate in hot applications where other bearings fail. 

RILOAD bearings are designed for press fit into the bearing hous- 
ing with a custom fit to the shaft O.D. For full technical information 
on your particular application send design data to: Modern Industrial 
Plastics Division, P. O. Box 1019, Dayton, Ohio. 


Registered trademark of Dupont 


Modern Industrial Plastics Div. | | 
Dayton, Ohio 
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continued 


nin space requirements and 
low seTVICK requirements Lower-cost 
standardized ball-screw and ball-spline a 
semblies can now be specified where ex 
precision not required. Beaver 
Precision Products Inc, Clawson, Mich. 


Circle 315 on Reader Service Card 


treme 


Vertical check valve 
pI n liquid lines In operat 
mpletely out of flow passage 
drop. When flow stoy 
vnward to raised seat. Cor 
n pressure on ai 
seat, eliminating ui 
of prime. Pressur 
psi; temperature limit is 225 | 
L in. size. With composition 
range from $14.50 to $16.45 
bronze disk, from $12.75 to $14.7! 
OPW-Jordan Corp, 6013 Wiehe Rd, Cin 
cinnati 13. 
Circle 316 on Reader Service Card 


Size 8 hysteresis motor. . . 
measures 0.960 in. long and provides hunt 
free synchronous rotation Synchronou 
speed is 8000 rpm at 55 v. Said to meet 
environmental requirements of MIL-I 
5272 Single- and two-phase units ar 
offered Torque (pull-in) is 0.025 in.-ez 
Weighs 1.25 oz Total power 1s 5.1 w 
Suitable as constant-speed drive for com 
puters and navigational devices. Kollsman 
Motor Corp, Dublin, Penna. 

Circle 317 on Reader Service Card 


Miniature temperature 
sensor... 

; said to have repeatability accuracy of 
better than 100 parts per million in precise 
temperature measurements, monitoring or 
ontrol applications. Measuring 0.138 in 
dia and 0.4 in. long, resistance thermom- 
eter has accuracy of better than 0.05 ohm 
or 0.05 F. Sensing element of chemically 
pure platinum is fully annealed and is sus- 


continued on page 91 


CIRCLE 39 ON READER SERVICE CARD-—> 





stainless steel 


No other metal has the strength, beauty and 
versatile qualities that serve you so well today 


and promise so much for tomorrow 


There is nothing 
like stainless steel 
for AUTOMOBILES 





McLouth Steel Corporation, 
Detroit 17, Michigan 


Manufacturers of high qualits 


7 ‘ ra e STEELMARK 
Stainless and ( aroon Sfteeis ts y buy 


VICLOUTH STAINLESS STEEL 





RAT EREMOTE CONTROL 
FOR HUNDREDS OF PRODUCTS 


——with Tru-Lay/Z54-W\\ Controls 


If your products involve remote control—electrical, hy- 
draulic, pneumatic or direct—TRU-LAY PUSH-PULL FLEX- COMPLEX MECHANICAL 
IBLE CONTROLS can help solve your design problems. They | LINKAGE 

provide positive remote control over short or long dis- 
tances—up to 150 feet from the control point. Because 
they operate while flexing, they can snake around ob- 
structions. They will not buckle. They are ruggedly con- 
structed, easily installed and operated, sealed against dirt 
and moisture, and will handle jobs with as much as 1,000 
lbs. input. PUSH-PULL CONTROLS are simple, have but one 





moving part, are noiseless and give a lifetime of accuracy. 
Mechanical linkages, on the other hand, are complex. SMEPLE 

sae TRU-LAY 
Unlike PUSH-PULL CONTROLS, they are made of many PUSH-PULL 


parts, wear at many points, and produce increased back- 











lash, vibration rattles and lost accuracy. 


THESE FEATURES HELP SOLVE DESIGN PROBLEMS 


Anchorages Swivel Action 
| = ;, 


— 


| (a ‘ f me | 
Ea PA | 


Clip anchorage - a simple clip for light loads 
Standard assemblies have end fittings with a swivel 


[ movement of + 8° to compensate for misalignment 
and rise or fall of lever arms. Swivel joints, and the 
sliding ends, are sealed against dirt and moisture 


72) 
see 5 reget Sri or er PUSA-\\. DATA FILE SHOWS HOW 
Bulkhead anchorage: for heavy-duty installations TO SIMPLIFY, IMPROVE DESIGN 


—— — 


| e Write for your PUSH-PUL| 


- | N 2 = Data File. It contains a 
8; J J complete set of engineering 
| . bulletins which describe in 


—___- amy 





detail the operation of 
| PUSH-PULL CONTROLS, their 

SEES sociale at ————— 
° * applications, features and 


Machined bracket anchorage: can be furnished for SS | advantages 
mounting any PUSH-PULL cable at the swivel terminal 


“° PUSH-PULL CONTROLS 


Automotive and Aircraft Division « American Chain & Cable Company, Inc. 
601-E Stephenson Bldg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 - 929-E Connecticut Ave., Bridgeport 2, Conn. 
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Minco Products Inc, 740 Wash 
ington Ave N, Minneapolis | 
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High-pressure shut-off 
valve 


"Living metal” bellows function to the nth degree ! 


Circle Seal You name the degree of temperature 

Products Co Inc, 2181 FE Foothill Blvd 
Pasadena, Calif 

Circle 319 on Reader Service Card 


to be met... in friction-tortured nose-cone 


or near-absolute testing chambe1 


You name the rigorous stresses to be encoun 
tered... the severe pressures or corrosive atmosphe1 
You name the problem ... and our engineers will 


deliver a “living metal” bellows assembly that answe1 


Custom-designed and manufactured by the company 
that invented the seamless metal bellows, Robertshaw 


Sylphon® Bellows are available in a wide variety of metal 


Disk-type check valve . 


according to the properties desired ... brass, phospho 
bronze, beryllium copper, monel, A-286 stainless steel, 
inconel, inconel-X and now in Ni-Span-' 

Robertshaw Bellows Assemblies may be the 
many of your problems... and we think you'll find a \ 
Bodnar & McDermott Mig Co of information and suggestions in our comprehensive Cata 


19 Beechwood Ave, Mt Vernon. NY log UP-R. Why not write for it today? 
Circle 320 on Reader Service Card 


220-mc counter-timer 


Robertshaw-Fulton Controls Co. & 
FULTON SYLPHON DIVISION, KNOXVILLE 1, TENNESSEE 
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Unique Power Requirements Provided By Lead 


Five Kilowatt 
Thermoelectric Generator 


Ideal thermoelectric materials are hard 
to find. They must be semiconductors 
substances with electrical properties 
midway between insulators and con 
ductors, which are used in transistors 
and other solid state devices. However 
used in a thermo-electric device, good 
electrical conductors generate very 
little voltage, good electrical insulators 
very little current. This restricts the 
search to a narrow range of materials 
that conduct electricity much less than 
metals do, but better than ordinary 
semiconductors. Westinghouse engi 
neers, says Fortune magazine, have 
come up with five-kilowatt generator 
incorporating a variety of thermoelec 
tric materials, each of which works best 
at a different temperature. At the hot 
(650° C.) end of one leg of the element 
is a wafer of germanium telluride, zinc 
antimonide, and finally, at the cold end 
(100° C.), an alloy of bismuth and anti 
mony tellurides. The other leg consists 
of wafers of lead telluride and an alloy 
of bismuth and selenium tellurides 
Potentially this carefully selected 
sequence of materials has a thermal 
efficiency of better than 15 per cent 





Two-Volt System Powers 
Cigarette Lighter-Flashlight 
Combination 


A New York company markets a cigar 
ette lighter with a two-volt lead-acid 
cell ignition system. When a “light” ts 
desired, a mere touch slides out a coiled 
resistance wire that glows incandes 
cently and lights the wick. Several 
amperes of current flow during the few 
seconds the resistance wire is aglow 
Even chain smokers can expect three 
to six months of service before replace 
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ment of the tiny lead-acid cell is ne« 
essary. The cell, weighing less than an 
ounce, is plastic covered and completely 
sealed, measuring 1-1/2 x 1-1/6 x 3/8 
inches. In addition to being a cigarette 
lighter, the same lead-acid battery pow 
ers a totally functional flashlight which 
is built into the unit. The battery's size 
and characteristics indicate interestin; 
electronic applications where compact 
ness and intermittent high drain capa 
bilities are requirements 


Battery Powered Trucks and Cars 


Whether power requirements are 
minor, such as required in the lighter 
or major, such as needed to carry heavy 
loads economically over long distances 
there is a lead-acid storage battery to 
meet every need. Because operatin 

costs are attractively low, lead battery 
powered electric vehicles are a practical 
reality despite present slightly higher 
initial costs. Economy-minded local 
fleet pick-up and delivery truck oper 

ators see great possibilities for electric 
street trucks that are being marketed 
by the Cleveland Vehicle Co., to handle 
a 50-mile route with 200 pay stops. The 
reason cost, a mere one-and-a-half 
cents a mile on the average stop-start 
20 mile route. These highly efficient 
lead-acid storage batteries, with a low 
weight to power ratio can be fully re 

charged overnight by “plugging” into 
any 110 or 220-volt outlet. Passenger 
cars with the same economy features 
as exhibited by the trucks, produced 
by the Henney Motor Company of 
Canastota, New York, use an imported 
unitized Renault Dauphine body which 
is powered by 640 pounds of heavy-duty 
lead-acid batteries generating 72 
2 volts for light 
ing and control. Capable of top speeds 
up to 40 mph this “hot” car travels 


volts 


of motive power, and | 


more than 50 miles before needing a 
recharge. It operates extremely quietly 


LOOK AHEAD wi™ 


and enables the motor to live prac 
tically forever 


Lead Zirconate-Titanate 
Shakes Out The Dirt 


Lead zirconate-titanate, a new high 
efficiency, high Curie temperature 
piezoelectric ceramic, is the transducer 
material used in an ultrasonic clean 
ing system introduced this year by 
Branson Ultrasonics of Stamford, Con 
necticut. The system has cleanin 
power equivalent to the old barium 
titanate systems but at only two-thirds 
Although ple zoe lectric 
lead zirconate-titanate is somewhat 


the initial cost 


costlier than barium titanate, its higher 
electromechanical efficiency generously 
compensates by requiring less ¢ xpen 
sive driving gears, while its higher 
Curie temperatures provides full-wave 
operation without danger of depolar 
izin Total efficiency of the new lead 
zirconate-titanate system ts 90 per cent 
compared to 7O per cent tor bariun 
titanate systems. Furthermore a new 
transducer design concept has cut 
replacement costs of the transducer 
to negligible levels. The sandwich de 
signed transducer consists of a_ thin 
section of ceramic clamped between 


pieces of metal and operates at 25 K¢ 
It offers advantages of: higher operat 
ing temperature (200° F.); and _ flat 
tuning characteristics which reduce 

need for close frequency control of the 
generator. In brief: lower initial cost 
and lower maintenance costs resultin 
from the use of lead zirconate-titanat« 
transducers make this new ultrasonk 
cleaning system competitive in use¢ 


formerly closed to ultrasonic cleanin 


For information or technical assistance 
on new lead developments and applica 
tions — and how they can relate to your 
products—write to: Lead Industries 
Association, 292 Madison Avenue, New 
York 17, N. ¥ 


GAP 
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CHECK THESE 10 POINTS OF T-J SUPERIORITY 


| One Piece Piston 
2 liard Chrome 
Cylinder Bore and 
Piston Rods 


Hiieg@h Tensile 
Steel Tie-Rods 


+ « ushion Adjust 
ing Screw, Exter 
nally Adjustable 


> New Super-Cush 
ion for air, or Self 
Aligning Master 
Seal for Oil (T-. 
Patents) 


6 Soiid Steel Heads 
and Mountine 
Plates Standard all 
Models 


7 Port Design Al 
lows NMiinimum 
Pressure Drop on 
Inlet or Outlet 


rat YY’ Type, 
Ldjustine 
Packing 


Self 
Rod 


9 Piloted Packing 


Gland Absolute 


Aligermierit 


10 piston 
tra Strong 
Piated for 


ciency and 
tection 


Rod, Ex- 
Pol- 
ished and Chrome 
Eefrfi- 
Pro- 





interchangeable with 


standard JIC cylinders 


With NEW T-J 


Squair Head, Tomkins-Johnson now offers in 


the introduction of the ALL 


dustry the most complete design range of air 


and hydraulic cylinders. Presently available in 
from 1 to 38 


bore diameters inches, the T-J 


Squair Head is an interchangeable cylinder 
which produces maximum force and efficiency, 
with minimum pressures...and is also adapt 
able tothe use of low pressure oil as the work 
ing medium. Write to The 


Co., Jackson, Michigan, for Bulletin #@SQ 10-58 


lomkins-Johnson 


and complete details. 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 
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Are Small Precision Metal Parts 
Getting In Your Hair? 


If you need precision in small metal parts you can 


get it from Torrington—plus exactly the right finish, 
temper and hardness required for your needs. More- 
over, Torrington can produce such parts at high speed 
and a remarkably economical cost. We are the leading 
specialist in this field—with the specialized skills, 
engineering experience and facilities to save you 
money. If you have small parts to be manufactured 


] 


large quantities why not let Torrington solve 


tire problem. Let us hear from you and your 


will receive prompt action. 


SPECIAL METAL PARTS 





THE TORRINGTON COMPANY 
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Torrington, Conn 


COMPONENTS * MATERIALS + PROCESSES 


Computer Measurements Co, 12970 Brad 
lev Ave, Svilmar, Calif 
Circle 321 on Reader Service Card 


—_ 


Pressure-gage snubbe 
} ‘ NI 


Ré pul lic Mfg Cx 
park Rd, Cleveland 35 
Circle 322 on Reader Service Card 


Timer motor and gear train. . . 


| 


t Borg ( lock Div 
Amphenol Borg Electronics (¢ Or] Dela 
van, Wi 


Circle 323 on Reader Service Card 


Molded and extruded 
Teflon-FEP 
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ALL MARS - ALL TOPS 


.+..all imported from West Germany, made to meet the highest standards of professionals. 


the pencil thats as good as it looks Mie. Fe ) 


J.S. STAEDTLER.INC. 
engineering and drafting material suppliers everywhere HACKENSACK, NEW JERSEY 
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with 4 


a). 


Licensed Under 
Pat. No. 2481404 





Fastman / Exhaustive Tests at 3000 


Low Cost Industrial 
SWIVEL CONNECTORS 


Yes, you can approach your design problems from any angle 
from any of the six sides of EASTMAN’S newly improved 
Industrial Swivel Connector 


Never before has any fitting equaled its adaptability and ver 
tility. You can stack them, line them up parallel, horiz 


vertical...ina‘‘T,” if 1 


Not only can you simplify design problems, but 
I julpment raist 
ge the angle of the 
on the go 


trial Swivel Connectors eliminate costly | 
ing; permit use of shorter lengths 
npli ited assemblies 


vides ‘‘balanced”’ fluid flow at 
any angle imium plated interior surfaces 
yurnished to a mirror finish, improve performance. SIX sealing 
rings: 2 leather dust seals, 2 synthetic back-up washers and 2 quad 
rings of oil-resistant rubber 40° to +200") assure dust-free 


and less down time 
you have been ‘‘designing around’ Swivel Connectors 
because of high cost rest assured that EASTMAN'’S Industrial 
Swivel Connectors will not only reduce your original cost but 


lower your customers’ operating costs as well 


p.s.i. through 1% million 
cycles, with the connector 
covered with abrasives and 
dirt, simulating field conditions, 
proved EASTMAN'S Industrial 
Swivel Connector satisfactory 
in every respect and did not 


cause failure of any kind 





Cut corners while you cut costs 
with these economical Eastman 
Industrial Swivel Connectors. 


Eliminate installations of 
lengthy, complicated hose assemblies, 
junction boxes and multiple adapters. 


Improve uniform power delivery and 
operating efficiency, reduce costly 
field replacement and down time. 


@ LOW TORQUE—Freedom from friction, evén under high 
pressure 

@ WIDE RANGE—Operaoting pressures up to 3000 ps 
trouble-free operation through wide temperature range 

40° to +200) 

@ ROTATION—Full 360 for all manifolds 

@ SIZES—Steel, plated for corrosion protection—' 
- vote Other sizes available on request 


Write for 
Technical 
Bulletin No. 59 
on Eastman’'s 


new improved 


MANUFACTURING COMPANY swivel 


East mie DEPT. PE-10 MANITOWOC, WIS connector 
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COMPONENTS * MATERIALS + PROCESSES 
. continued 


in b melt processed in conventional 
xtrusion and molding equipment. Con 
tinuous-service temperature range is — 395 
to 400 I Stock shapes are available 
Garlock Inc, 448 Main St, Palmyra, NY 


Circle 324 on Reader Service Card 


Bonded dry-film lubricant... 
combines equal volume of resin and hard 
Coating is said to match 


ener props I 


of currently available resin-bonded, 


heat-cured coatings complying with mili 
tary and manufacturers specifications. Op 
rates continuously from 100 to 725 
I’ with coefficient of 
Requires no baking oven or drying equip 
ment and is ready for use 8 to 24 hr after 
ipplication. Drilube Co, 723 W Broad 
wav, Glendale 4, Calif. 


Circle 325 on Reader Service Card 


0.035 


fnction of 


Flow-control valve .. . 
yperates on constriction or throttling prin 


ipl Available and ma 
rials for any liquid, gas, 


it up to 125 psi at 


in various sizes 
solid or slurry 
controlled 
that can be 
automatically. Of 


acting and 


| 230 F, it is 
vir or hydraulic pressure 


regulated manually or 


ilient positive 


installs in any posi 


onstruction, 
xplosion proot valve 
tion in piping system and needs no large 


Valve is 


respond in 


members 
Said t 


urately 


xternal mechanical 
iso self-ch 


tantly and a 


ining 
to temperature or 
signal impuls D M Connor 
and Co, PO Box 162, S Plainfield, NJ. 
Circle 326 on Reader Service Card 


pr ssure 


115-v series-wound motors 


for 60-cps operation, carry ntinuous-duty 


t » to 4 hy t 5 mu . ry + 
iting | ip a pm and uy 


hp at rpm Util ballbearin 
Motor ire 


nd mounting with 


onstruct designed for 
ast-iron housings and 


ypen, end-to-end ventilation Housing 


length is 74 in.; mounting tac 
n Weighs 12.5 Ib Universal Motor 
Div, Robbins & Myers Inc, 
Ohio 


dia is 54 
Springfield, 


Circle 327 on Reader Service Card 


Ac, de tach generators .. . 
ire reported to be low-cost units to pr 
vide speed indication for machin tool 
or industrial proce applications involy 
ing speeds up to 5000 rpm. Base mounts 
are adaptable to variety of mounting ar 
rangements. Shaft diameter has been in 
reased to #s in., making shaft strength 
about three 


Redesign of ac tach generator has increased 


times that of former models 


number of poles from two to six, result 
ing in min full-scale speeds of 0-300 rpm 
Both ac and dc 
rated outputs of 20 v_ per 


continued on page 99 


with suitable accuracy 


inits have 
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EW MASSIVE 
MC NYLON PLATE 
NOW AVAILABLE! 


® Huge MC Nylon plate—the largest ever produced—is now available for wear plates, 
panels, tooling, fixtures and other applications which need nylon's unique mechanical 


or structural properties. 


Polymer’s exclusive revolutionary new processing techniques make production of large 


plate practical with price reductions of 15% 
Standard stock availabilities now include thicknesses from 2 


sections. Availabilities to date were lim- 
ited to 1%” maximum thickness in 10” 
widths. MC Nylon now opens new design 
possibilities and manufacturing economies 
On special order plates of over 6” thick- 
ness in sections of 4 foot widths and 10 
foot lengths can be supplied 

In tubular bars, the specially formulated 
bearing material now costs less than con- 
tinuous cast bronze bushings of similar 
size, with prices up to 50% below other 
nylons 

MC Nylon tubular bars are made in OD's 
from 2” to 15” with wall thicknesses of 
%”", ¥%", %” and 1”. Rod up to 17” 
diameter is also available with special 
larger sizes and shapes made to order. 
Supplied in Polypenco blue. 

Call or write for full information. 


POLY PENCO 
Coal 


industrial plastics 


| 
| 


under nylon plate presently available 
up to 4” and in 2’ by 4 


The Polymer Corporation 

of Pennsylvania 

Reading, Pa. 

Export Polypenco, inc., Reading, Pa., U.S.A. 
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7 SPRINGS 
PRODUCT carl aed 
APPLICATION Schulmerich CN ON YOUR 
electro-mechanical MIND? 


wwe CARILLONIC BELL 


IS\YNCHRON 
‘“timinc Motors) Systems... 
Bites Se aS 


Pinte ed 


Hansen 
SYNCHRON 
motors, 
the ‘‘heart”’ 
controlling 
the split-second 
timing of \ . F ent | 
Schulmerich ¢ Your next thought should 
Carillonic | be of the Spring Engineers at 
Bells } uf ay John Chatillon & Sons. Send 
' . them your blueprints and spe- 
cifications for study and 
recommendation. 


e With more than 120 
years of experience and knowl- 


edge at their command, they 
can provide you with the exact 
spring you require —on time, 
at competitive prices. 


SCHULMERICH CARILLONS, INC., world’s largest 
manufacturer of electro-mechanical carillons, 
uses Hansen SYNCHRON Timing Motors to 
drive the program clock governing the all- @ Chatillon has the trust of 
automatic operation of these precision, perfect- the largest users of springs in 


tone instruments. Clock programming is offered 
at 15-minute intervals, 24 hours a day, 7 days a the world because of the 


week. Scheduled to play at specified times, ex- Chatillon reputation for filling 
actly to the minute — there is no allowance for orders that others would con- 
plus or minus variation , : ° 
sider impossible. 
HANSEN SYNCHRON TIMING MOTORS were selected as an integral part of Schul- 


merich Carillonic Bells because they outperformed all other motors tested ° Next time, benefit by the 
Carefully controlled testing was based on four specifications: (1) instantaneous thorough knowledge of 


starting, (2) no time loss or gain, (3) absence of malfunction, and, (4) reliable, Chatillon Spring Engineers 
continuous operation for periods of a year or more. Depending on installation, They’ll b glad to hel 
e 0 help you. 


motors operate at either 110 or 220 volts — 50 or 60 cycles. : 
Send your blueprints to: 
SEND TODAY for informative folder containing specifications and technical data bun epartment D-2. 


on all Hansen SYNCHRON motors and clock movements 








HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y Buffalo, N. Y 

Binghamton, N. Y Schenectady, N 
HANSEN Sweats Produ 

ELECTRIC MOTOR ENGINEERING, INC Design File 

Aamatnn Call {Olive 1-3220) 
MANUFACTURING ei 7 Parse ‘ - ’ SPRING DIVISION 
COMPANY, INC. ys 48 FRANKLIN ST., N.Y. 13, N. ¥ 

PRINCETON, INDIANA WINSLOW ELECTRIC CO 

New York, N.Y. — Essex, Conn. (SOuth 7-8229) 

Philadelphia, Penn Cleveland, Ohio 
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N) Adjustable Diameter and Open 
COMPONENTS * MATERIALS gy ne nme THOMSON 
nstallation is said to be sim Tl B S ' : S 







iddition of terminal box that 
Hley-end of 


= és I ) 
General Electric Co, Schenec 








tady 5 
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Stock precision gears . 
. } $6 ‘ 1? 


tandard trom 


l or 
23 in OD, al 
meters, control 

, 1ents. Boston Gear 

s, Ouincy 71, Mass 
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> 


Adjustable Diameter 
BALL BUSHING 


‘ ef for Zero Clearance 


4/2-in. panel meters 


mem °-- LINEAR MOTIONS 
lels in voltmeters, am for all your 


t i t md immet 
S t t ition f MIL-M 
tA. D da Helipot Div 


\ 
of Beckman Instruments Inc, Fullerton, coo’ alll 
Calit d_—- ' , _& 
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‘ae 
Teflon-coated wire cloth .. . = Py 


f 


Open BALL BUSHING 
Precision Series “‘A’’ and t for Zero Clearance on 
Low Cost Series ‘‘B’' BALL BUSHING Supported Shafts 





iter 


Cambridge Wire Cloth Co, Cam 


bridge, Md. Sliding linear motions are nearly always [QW FRICTION > ZERO SHAKE OR PLAY 


Circle 331 on Reader Service Card troublesome. Thousands of progressive 


engineers and designers have solved this ELIMINATE BINDING AND CHATTER 
Duplicate diazo master . . . probiem by application of BALL BUSH- SOLVE SLIDING LUBRICATION PROBLEMS 


; INGS on guide rods, reciprocating shafts, 
nals and permit push-pull actions, or for support of any LONG LIFE - LASTING ALIGNMENT 

ee a. mechanism that is moved or shifted in a 
in be used for pos straight line. The various types cover a shaft diameter 
Develops in on¢ Improve your product! Up-date your range of %” to 4”. Small sizes available 
resolution on U.U0>5 design and performance with Thomson in Stainless Steel. Write for literature and 
sensitized fot BALL BUSHINGS! name of our representative in your city. 


nulsion is grain 


te] 


le par biel 1 resistant. Odzalid 
Div, General Aniline and Film Corp, 59 ”) THOMSON INDUSTRIES, Inc. 
Corliss Lane, Johnson City, NY. ~\ Dept. H, MANHASSET, NEW YORK 

Circle 332 on Reader Service Card i 


= | 
Se ae eae Seren ee 7 = Also Manufacturers of NYLINED Bearings ... Sleeve Bearings 
of DuPont Nylon, and 60 CASE... Hardened and Ground Steel Shafting 












1.. Sturgis, Michigan 
In heart of metal working industry. 
Seven large truck line terminals. 

New York Central and 
Pennsylvania Railroads. 


2. Haleyville, Alabama 


Convenient to Birmingham. 
On U.S. Highway 278. 
Southern and Illinois Central Railroads. 


STEEL TUBING 


Manufactured by 
electric welding to your 
needs. Sizes %”" to 
3”0.D. 20 to 10 gauge. 
Round or square. 





TEMPLATE-TRUE 
TUBE FORMING 
TO YOUR 
SPECIFICATIONS 


Steel, copper, brass, bronze 

aluminum or stainless tubing 

fabricated to your specifications. 

Sizes %" to 6” OD, 20 to 10 gauge. 
Thirty-four years of experience in 
forming, welding, beading, bending, 
stamping of formed tubes. 

Top-flight engineering service. 

Write, wire or phone for booklet or quotation. 


Formed Tubes, Inc. 
1007 Prairie Street, Sturgis, Michigan 


Formed 
Tubes, INC. 
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Saturday Science 


By the scientists of Westinghouse Research 
Labs. Edited by ANDREW BLUEMLE. E P Dutton 
& Co Inc, 300 Park Ave South, New York 10 
7 x 10 in., 333 pp. $5.95. 


Back in 1957, Dr Milton Wachtel 
of the Westinghouse Research Labs 
had an idea. It was simply that talk 
ing about science education was us« 
less; it was much more positive to 
scientific information to 
voung people who wanted it. He 
bothered his colleagues until they 


provide 


agreed that he had something. So 
now, for a dozen or more successive 
Saturday mornings each year, about 
200 seniors from 100 local high schools 
gather at the Labs for a series of lec 
tures by members of the staff. The 
program is called the Westinghous« 
Science Honors Institute. 

his book is these lectures in print 
Subjects include light, electrons and 
crystals, atomic collision and gas dis 
charge, atomic nuclei and _ radio 
activity, low-temperature phenomena, 
chemistry of solids, physics of metals, 
microstructure and heat treatment of 
metals, surface film on metals, pro 
pulsion, mathematics, arithmetic, max 
ima and minima in physical processes, 
modern analytical methods, and the 
interdisciplinary nature of science. If 
you have a budding scientist who's 
plaguing you with questions, give him 


the answers in this reference form 


Engineering Economy 


WILLIAM T MORRIS. Richard D Irwin Inc 
Homewood, Ill. 6 x 9, 506 pp. $10.50 

Here is detailed, analytical, and 
often quite mathematical approach 
to the problem of engineering man 
agement decisions. Emphasis is on 
costs, production and sales, rather than 
on testing and design—although many 
of the procedures and concepts are 
applicable to the latter topics 

The book covers: fundamentals of 
engineering decisions, managerial eco 
nomics, decisions under certainty, ob 
taining the alternatives, sources of 
information, prediction and judgment, 
evaluating intangibles, taxes, replace 
ment policy, a review of probability 
theory, decisions under risk, the recog- 
nition of risk vs assumed certainty, 
decisions-under-risk examples, inven 


} 


tory policy, bidding policy, purchasing 


decisions under uncertainty, 
example, 
game theory, statistical decisions, di 
versification, decisions under pressure, 
the unsolved problem, 
the economics of automation, simu 
lated decision making, how decisions 
are made 


policy, 


decisions-under-uncertainty 


measurement 


Elementary Theoretical 
Fluid Mechanics 


KARL BRENKERT JR. John Wiley & Sons, 440 
Park Ave South, New York 16. 6 x 9/2, 348 
pp, $7.50 


‘his book 


derivation and application of the fun 


stresses the rigorous 
damental equations (continuity, mo 
Offering > + prob 
heavily on 


mentum, energy 
lems, the book leans 
calculus and contains a minimum of 
empirical data and specific formulas 
Yet it should prove understandable to 
the newcomer in the field, providing 
he has completed a year of calculus. 


Cam and Tool Design 


O T LIPPMAN. Brown & Sharpe Mfg Co, 
Providence 1, RI. 8 x 11, 81 pp. $7.50 


lhe text 


in serialized form in Automatic Ma 


of this manual appeared 


chining magazine from May ’58 to 
December 59. The author has taught 

m and tool design for almost 20 
vears at Brown & Sharpe 

Contents include: screw machine 
tooling, tooling and estimating, setup 
calculations, drawing cams, estimating 
evolutions and cam hundredths, tut 
ret tooling, layout, how to make the 
part-turn, form or tandem, threading, 
laying out threading cams, thread po 
sitions, tapping, finalizing the layout, 
complex part, estimate and chuck 


ske tch. 


Basic Graphical Kinematics 
HAROLD B KEPLER. McGraw-Hill Book Co Inc, 
330 W 42nd St, New York 36. 5/2 x 8, 314 
pp. $6 

This book stresses the graphical ap 
It keeps ana 
lytical work to a minimum and pre 


proach to kinematics 
sents explanations and derivations 
graphically where possible. ‘This ap 
proach enables the reader to under 
stand the material without a knowl 
edge of calculus. All the traditional 
topics of kinematics are covered. 


continued on page 103 
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Lower Cost... Cut Maintenance ... Lengthen Die Life 


: BRONZE-PLATED 
GUIDE PIN 
BUSHINGS 


Bronze-Plate on hardened 
steel for strong, free-run 
ning, non-galling bushings 


Bushing Bore is straight and 
concentric. Factory finished to 
Class 1, 2 or 3 fit to-meet 
your requirements. 


Wring-Fit Bushings assure 
distortion-free assembly 
in die shoe 


-. 


Positive clamping provides 

holding strength of 2 to 5 

times that of press fit 
— 





oS 
NS 


Z 
yj 


NY 


Ground shoulder of bush 
ing seats on finished sur 90° 
face of die shoe for posi 
tive alignment 


Bushing I.D. is 
square to finished surface 
of die shoe 


AMINA bronze-plated, wring-fit guide 
U pin bushings are honed on the I.D. 
for accurate geometry, precise dimen- 
sions and to provide the best surface 
finish for lubrication. Bushings are wring- 
fit in die shoe to assure distortion-free, 
full-bearing surface that results in better 
die alignment, less maintenance and 
longer die life. In addition the Lamina 
method of clamping bushings to die 
shoes provides holding strength of two 


hings and Guide P 
izes to meet every 
800 items are describ 


ur catalog — write for you 
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to five times that of press-fit bushings. 
For more accurate press operation, higher 
production and lower maintenance costs 
—standardize on Lamina, the originators 
of Bronze-Plated Guide Pin Bushings. 

Lamina also manufactures: Steel Bush- 
ings and Guide Pins, Bronze-Plated 
Wear Plates, and Bronze-plated Parts. 
Complete facilities for the manufacture 
of steel or carbide precision dies (lamina- 
tion, progressive, transfer, etc.). 


DIES AND TOOLS, INC. 
P.O. BOX 31, ROYAL OAK, MICHIGAN 
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THE 9SP & PT 


Low cost, blind fasteners for join- 
ing dissimilar materials, fast and 
easy to install. Solid core pro- 
vides high shear strength or pulls 
through in PT to provide grommet 
hole. 


THE OS 


A structural blind rivet with alu- 
minum alloy sleeve and pin. High 
clinch and shear strength. Wide 
bearing and self-sealing, Use in 
metal, plastics or wood. 


: =! 
Co} 
aN 

sf 


THE HUCKBOLT® 


Engineered for soft core panels, 
wood, plastics, as well as metal- 
to-metal use. Complete assort- 
ment of headstyles for any appli- 
cation. Full range of sizes and 
materials. Great strength, posi- 
tive swaged lock. 


~ 


Y 
—_ 


THE DAISY® 


A very broad bearing, wide grip 
range blind fastener for metal-to- 
metal or soft material use. Fast, 
uniform, economical. Has posi- 
tive swaged lock. 


Huck’s complete line of fasteners and simple, dependable 
installation tools offer speed, uniformity and economy for 
most fastening operations. Every Huck fastener is care- 
fully engineered for its job. Our experienced fastener en- 
gineers will gladly help you in selecting the best fastener 


for your use. 
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CAN YOU USE THIS 


COMPRESSOR? 


@ Rotary-positive displacement 
@ High efficiency 
@ Surge-free 
@ Compact 


The Heli-Rotor compressor com- 
bines in a compact unit the non- 
surge characteristics of a positive 
displacement compressor with 
the high delivery rate of high 
speed aerodynamic machines. A 
highly efficient machine with a 
built-in pressure ratio, the Heli- 
Rotor has a recommended over- 
haul time of up to 10,000 hours. 
Sizes from 10 to over 5000 scfm 
are practical. The effectiveness of 
the Heli-Rotor has been amply 
demonstrated in compressing air, 
nitrogen, hydrogen and refriger- 
ants in aeronautical and indus- 
trial applications. 


The rugged Heli-Rotor compres- 
sor is so versatile, so efficient, that 
it may offer the characteristics 
you need in your own operations. 


If you'd like more data, write for free brochure 


/ j fy ya 
YAY HB-ROTOR 


STRATOS 


A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION 
Main Plant: Bay Shore, L. I., N. Y. 


Western Branch: 1800 Rosecrans Avenue 
Manhattan Beach, Calif. 
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electro-permanent magnetic 


HI-VI 
VIBRATORY 
FEEDER 


All-new award-winning feeder built on new 
concepts of design and materials. Provides 
accurate, controlled feed of bulk materials 
automatically. Variable feed rate, from ounces 
to tons. For spreading, sorting, aerating, cool- 
ing, proportioning, etc. Feeds all types of bulk 
materials. Increases production; reduces oper- 
ating and maintenance cost. 
NEW A.C. ELECTRO-PERMANENT MAGNETIC DRIVE 
PROVIDES GREATER FEEDING CAPACITY + NO RECTI- 
FIER NEEDED « FULLY ENCLOSED POWER ELEMENT 
PROTECTED AGAINST DUST AND MOISTURE « RUGGED 
GLASS FIBER SPRINGS REDUCE BREAKAGE « FULLY 
PROVED IN PLANTS EVERYWHERE. 
ALSO AVAILABLE: Economical, ially construc- 
ted units for hazardous, dusty locations . . . fully 
acceptable by Mill Mutual. 
WRITE FOR BIG VIBRATORY FACT FILE 
Eriez Mfg. Co., 107-KB Magnet Dr., Erie, Pa 


CIRCLE 206 ON READER SERVICE CARD 








DESIGN LITERATURE 


Other Books of Interest 


Picture Dictionary and Guide to 
Building and Construction Terms 
Lipowsky and Bersten. Arco Publishing Co Inc, 


480 Lexington Ave, New York 17. 8 x 10%, 
57 pp. $3 paper; $5 clothbound. 


Electronics Industry 1960 
Fact Book 


Electronic Industries Association, 1721 DeSales 
St, NW, Washington 6, DC. 5 x 82, 63 pp 
75¢. 


The Story of Alchemy and Early 
Chemistry 
J M Stillman. Dover Publications Inc, 180 Var 


ick St, New York 14. 5Y2 x 8, 566 pp. $2.45 


Unabridged paperback edition of early 1924 
edition published under following title: ‘The 
Story of Early Chemistry’ 


ABSTRACTS 
FROM THE LITERATURE 


Damped Vibrations 
Vibrating bodies in normal envi 
considered to 


ronments are usually 


have a sinusoidal displacement-time 
curve with an exponential envelope 
This envelope appears to pass g¢ 
metrically through the crests. This 
impossible because exponential mo 
tion is only possible with zero mass 
Also, for critical damping, it is often 
stated that the curve is approximately 
exponential. ‘To 
ent anomalies an 


carried out and the results are given 


explain these appar 


investigation wa 


“Damped Vibrations,” by W H Sheppard 
Mechanical World, Sept ‘60, 31 King St W, 
Manchester, England. 


Who Should 
Manage Engineers? 

The alternatives of having engi- 
neers managed by professional man 
gers or by other engineers are dis- 
cussed. The relation of the working 
engineers to management is also con- 
sidered 
“Who Should Manage Engineers,” Glenn B 
Warren, General Electric Co. Mechanical En- 


gineering, Sept ‘60, 29 W 39th St, New York 
18. 


Epoxy-resin Hardeners 

A system for making fire-resistant 
epoxy resins is described. Anhydride 
curing agents can be selected to give 
low toxicity and excellent high-tem- 
perature characteristics. A further 
advantage of cost reduction can often 
be realized from _high-molecular- 


eonfinued on page 105 











FOR 
FANNING 
HARD- 
TO-HANDLE 
SHEETS 


New Design 
Magnetically 
powered with 
ERIUM* 


HI-POWR 


Ceramic magnetic 


SHEET 
FANNERS 


NOW AVAILABLE FOR IMMEDIATE 
DELIVERY ON MOST MODELS! 


Strongest sheet fanners made! New mag 
netic circuit design gives stronger, snap- 
pier fanning action for semi-sticky, bent 
and heavy-gauge sheets. Increases pro- 
duction greater safety factor 
Saves manhours eliminates marred 
surfaces and “doubles”. For sheets up to 
t” thick, stacked up to 14” high. 


Marked improvement in handling 
heavier sheets—up to .125” thick 
e Enclosed, embedded magnetic cir- 
cuit is tamperproof, rugged ¢ Stain- 
less steel U-frame construction ¢ 
Easily fastened to any flat surface. 
* Powered by ERIUM—an exclusive, bigh 
quality permanent magnetic power source 
peeeaty designed and energized by 
riez. 

GET COMPLETE DETAILS. WRITE TODAY TO 
Eriez Mfg. Co., 107-KA Magnet Drive, Erie, Pa 


ERIEZ 
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You Get Things Done With 
Boardmaster Visual Control 





teat 
pat NTS A es EE 


\ (apenas 
GROMMETS yt 
...by the Millions 


Grommets for any conceivable 
industrial purpose from natural, 
all purpose (GR-S), Neoprene and 
Buna-N rubbers. 

Western grommets come in 
hundreds of standard sizes, and 
can be ordered in any formulation 
“—" mates already prepared. vv Gives Graphic Picture of Your Operations 
* Western Rubber is fully equipped Spotlighted by Color 
for production of either standard ag a + ale Saves Time, Saves 
or custom designed grommets in M , : 

: oney, Prevents Errors 
any size, shape or volume. All are Simple to epercto—Type or Write on 
quality controlled and economical- Cords, Snce ia Grooves 
ly produced to your specifications, | wt idee! fer Production, Traffic, inventory 


Write or phone for in- Scheduling, Sales, Ete 
ji Made of Metal. Compact and Attractive 


formation or a visit by our ; 
sales engineer in your area. Over 500,000 in Use 
SINCE 1902 Complete price $4950 including cards 


24-PAGE BOOKLET NO. DE-20 
WESTERN RUBBER CO. [i] 1a irene 


GOSHEN x INDIANA 











Write for Your Copy Today 


MOLDED AND LATHE-CUT RUBBER GRAPHIC SYSTEMS 


PARTS FOR ALL INDUSTRIES Yanceyville, North Carolina 
CIRCLE 208 ON READER SERVICE CARD 
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CIRCLE 207 ON READER SERVICE CARD 








Speeds to 2800 RPM 


comnwewsrs fee) PIPELINES 2 


with min. 55 SSU 
Pressures to 2250 PSI ee aed ALLFLEX 
; VIBRATAMERS! 


continuous 
Custom- 


Flow rates to 60 GPM BERRY/DOWTY Engineered 
GPA3 Series | FAST to 


solve your 


’ ; problems. 
¢ Designed for operation at mobile equip- a aan enn Geneenes mame | himeg “tga 


ment engine speeds 
« Can be direct-connected, gear driven Berry Hydraulics write, wire, phone 
or belt driven Corinth a Miss toda ' for . 
« Conforms to SAE standards | | “WIBRATAMER” 
Name ; | 
c DATALOG 601 


aa 2790 Ninth $t., Long Island City 1, N. ¥. ST 4-5173 


HYDRAULICS ik ON READER SERVICE CARD 


VYRONE CORPORATION 
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Use this designers’ check-list for 


DESIGN LITERATURE continued 


weight anhydrides since they may be 
relatively inexpensive and are usually 
employed in much greater quantities 
than are common with amine systems. 


HET-coanhydride systems in epoxy 


resins have been found easily adapted N i Cc A R B O N 


to such general plastic operations as 
potting, encapsulation, wet layup, and | re RAPH } S 
matched metal die molding. 7 c 
Through variations in the coanhy 
dride ratios, a wide range of predict 
ible properties can be obtained with 


oti hh Performance-proven Grades to Solve 
a Wide Range of Design Problems 


systems which are easily 
‘Hardeners for Epoxy Resins,” C S !lardo and 
B O Schoepfle, Hooker Chemical Corp; SPE 


ea CY SERIES -—Piain carbon graphite. Excellent for bear- 
; ings, vanes, valves and other mechanical components. 


CATALOGS | MY SERIES - Metallized carbon graphite. Provides 


extra-long life in difficult applications wherein operating 


AND BULLETINS conditions are severe. 


Te o obtain copies of literature described be 


soul Mauka Wendi battens Wine Gitene onetines PY SERIES —Non-metallized carbon graphite. Spe- 


rd ide back cover. For those catalo 
ani , bullet a oe te c= yoqrensted cially treated for use in high pressure seals. 
PARALLEL-SHAFT SPEED REDUC. EY SERIES -— Provides exceptionally high-reliability in 
ERS—Brochure 2719, 36 pp. Describes the presence of high temperatures (to 1000° F). 
redesigned and expanded line of paral 
lel shaft reducers in 57 sizes. Con 
tains 16 pp of rating tables and shows 
load classes for almost 250 driven ma 
hines. Link-Belt Co, Dept PR, Pruden 
tial Plaza, Chicago 1 

Circle 350 on Reader Service Card 


FLEXIBLE SHAFTS—Handbook, 4th edi 
tion, 98 pp. Revised handbook 
idvantages of flexible shafts, their fun 
tion, applications, information on standard 





power drive and remote vented shaft 
uses of accessories. Presents, for the first 
time, information on simplified engaging 
system based on integral formed square 
drives. SS White Industrial Div, Dept P, 
10 E 40th St, New York 16 

Circle 351 on Reader Service Card 


PLANNING AND PACKAGING CIR- 
CUITRY—Catalog, 24 pp. Revised guide 
describes planning and packaging system 
for electrical, electronic equipment and 
gives specifications of some of the most Self-lubricating Morganite possesses many different advan- 
tages capable of solving a wide range of operating problems. These de- 
pendable materials are specified for a broad list of components ranging 
ee eee : from bearings in sealed mechanisms to electrical contacts operating in 
cuitry Alden Produc ts C 0, 316 N Main extremes of temperature. 


+ a Se Call or write for literature dat if 
. : or recommendations on specific 
Circle 352 on Reader Service Card applications. Morganite sales engineers will be happy to explain the 
advantages of Morganite for use on original equipment or as replacement 
THERMOPLASTIC RESINS — Booklet, parts in your maintenance projects. 


24 pp. Characteristics, applications, typi 

cal properties and fabrication information 

for various types of ABS thermoplastic ae _. FOR OVER HALF A CENTURY 

yp pay ng INCORPORATED 

York 0 : of adalat 3306 48th Ave., Long Island City 1, New York 
In Canada: Morganite Canada Ltd., Toronto 


Circle 353 on Reader Service Card 
Ménutacturers of Fine Carbon Graphite Products including Mechanical Carbons, Motor and Generator Brushes, Carbon Piles, 
Current Collectors and Electrical Contacts ... Distributors of 99.7% Pure Al,0, Tubes, Crucibies and Crusilite Heating Elements 


frequently ordered components to mount, 
house, fasten, connect and monitor cir 





continued on page 107 
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75-MILLIONTHS OF AN INCH BARRIER 
HALTS METAL MIGRATION 


JUST BENEATH THE FRESH OVER- 
PLATE OF THESE F-M ENGINE BEAR- 
INGS (LEFT) LIES A TENUOUS DIFFU- 
SION BARRIER. Though this film of 


metal is only 75-millionths of an inch 
thin, it stops tin in the overplate from 
migrating into the lining metal beneath. 
Its presence is important to bearing over- 
plate performance, particularly during 
the critical period of engine break-in. 
Maintaining uniform thinness as well as 
uniform composition of the plated barrier 
is most important .. . and most difficult 
to achieve on a production scale. Federal- 
Mogul research has developed a unique, 
extraordinarily precise method for con- 
trolling both the thinness and the metallic 
composition of this barrier, within nar- 
row limits. And the performance of F-M 
engine sleeve bearings attests to the 
success of the method! 


RESEARCH INTO ELECTROPLATING 


problems is a continuing project in the F-M 

laboratories. Unusual precision equipment 

and facilities are employed, many of which 

have been specially designed and engineered 

by F-M to solve problems of sliding-bearing 

application. As a result, Federal-Mogul en- 

gineered sleeve bearings, precision thrust 

washers, formed bushings, and low-cost 

spacers provide the finest pos- 

sible performance character- Have you a problem with bearings, bushings or washers? Are you considering the development or 
istics for any application. Fiperal redesign of an item of the type shown above? We'll be glad to show you how the job can be done most 


effectively and economically. For information, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings,-Inc., 11043 Shoemaker, Detroit 13, Michigan. 


Mee ritee DIVISION OF 
eamaanem FEDERAL-MOGUL-BOWER 
MMA BEARINGS, INC. 
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DESIGN LITERATURE continued 


MANUAL MOTOR STARTERS~—Bulle noe 
tin GEA-6358C, 12 pp. Describes manual . 7; esigned O 


motor starters for fhp and for integral hp 


up to 74 hp. Photos show two ‘ * / 
rm or each type Illustrations \ = 7 
thes ion fe tures ore di ie ~/ 34 C5ve You lime ’ 


how dimension General El 
Schenectady 
Circle 354 on Reader Service Card 


WELDING-ELECTRODE CHART 


in wall hart Gives descriptior Aree 


hanical proper f | 
saws A? Camloc 7C1 


wanes L— Qarek-Operating 


l n i tal-hardne . version 
Hobart Bros Co, Troy, Ohio Ci AMP 
“7 


Circle 355 on Reader Service Card 


ie 
VOLTAGE REGULATORS Catalog 
) itions of more than Speeds Up 


Itage-regulator Installation and 
it selection guid Maintenance 
of wire bundles, 
gulate hose, cable, conduit 
S Norwalk, Conn 
Circle 356 on Reader Service Card 


COMPUTER CHARACTERISTICS 
hart. Lists 43 US-built, neral-purpo 
digital 


reasing rental 
9 r with their general chara @ Clamp permanently mounts to struc- 
besiétivn eiitis’ tncieeee anariicabicn ture with one rivet or bolt. 


has W Adams A tes Ih 21 @ Material to be held is easily added 


it Rd, Bedford, Ma or removed after clamp is mounted. 
Circle 357 on Reader Service Card ; ; 
@ Uses accepted, proven, vibration- 


SEMICONDUCTORS- Brochure, 12 pp proof Camioc '%4-turn fasteners. 


' 


Rating } ] 


ind characteristics of industrial @ Wide clamping area and rounded 
ind military semiconductors. Also covers edges prevent scarring or cutting. 
pager ei thygall 3 @ Controlled stud length of ‘%4-turn ae ee 
“ oeleabiens vs fastener prevents crushing of 
E McDowell Rd. Phoenix. Ari clamped material. 
Circle 358 on Reader Service Card @ insulated cushions supplied if 
needed. 


@ Two-hole mounting and variations 
in shape available on special order. 


PIPE EXTRUSION-Bulletin 15, 6 p 
Report mpany 1 nmendations for 
n of high-density polyolefin pipe 

| tubing. Phillips Chemical Co, Plas @ Sizes from %” to 1%” diameters. 
Sales Div, Bartlesville, Okla : , 
Circle 359 on Reader Service Card Write Today For Complete Information 


MICRO-REPRODUCTION STAND- & 


ARDS—Folder, 6 pp D isses standards NS 
ind specifications of Defense Department's LOCK — WITH 
engineering data micro-reproduction sys A a8 tune 
tem, based on speeches by Department : RG 
pokesmen before the 1960 convention of “Specialists in Fasteners for Industry” 
National Microfilm Association. Minne 

Co 


ota Mining & Mfg Co, 900 Bush Ave, CAMLOC FASTENER CORPORATION 
St Paul ¢ 62 SPRING VALLEY ROAD « PARAMUS, N.J. 


Circle 360 on Reader Service Card WEST COAST OFFICE: 5410 Wilshire Boulevard, Los Angeles, California 
continued on page 109 SOUTH WEST OFFICE: 2509 West Berry Street, Fort Worth, Texas 
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GRIPCO TOPLOCK NUT 


You get these 
“extras” when ip ~se 
you specify GRIPCO PILOT-PROJECTION 


GRIPCO’ 
FASTENERS— 


e 
— 40 sales representatives all 
over the country for prompt, fast service. 


ly 4, 
— Quality controlled by the 
oldest established lock nut manufacturer 
in the U.S. 


—— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Grirco”’ for the one 
nearest you. 


Other Gripes Products: 


® Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

* Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to WELt 
print. Nitt { 


GRIPCO COUNTERSUNK 
NUT 


Send for samples and NEW CATALOG today 


GRIP-NUT company 


. V2 MAPLE AVE. | Subsidiary of Heli-Coil Corporation, 





SOUTH WHITLEY, INDIANA Danbury, Conn. 
Phone: South Whitley 723-5111 
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FINGERTIP CONTROL GIVES 
VARIABLE SPEED W'TH 
e ae i 


A finger’s touch instantly and accurately 
sets the control lever of your 
ZERO-MAX stepless variable speed 
drive anywhere from zero to 1200 RPM. 
These compact, low cost drives 
produce from 3 to 450 in.-lbs. 

of torque with fractional 

horsepower 1800 RPM 

motors. They are 

available with or with- 

out reverse, gearhead, 

safety disconnect or 

motors. ZERO-MAX 

drives are priced from 

$45.00. Write for our 

free 16-page catalog 

or refer to Sweet's 

Product 

Design File. 


Representatives 


in major cities ZEROMAx 


ZERO-MAX ZEROMAX)= | 
THE COMPANY ¢ } ; 


2879 Harriet Ave. So., Minneapolis 8, Minn. TA 7-5521 
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Needle Valves in 
316 STAINLESS 


A great combination: all the 
superlative construction of 
the Marsh Needle Valve with 
the corrosion-resistance of 
316 stainless steel! 

Gives precision throttling 
and tight closure on all pres- 
sures up to 6000 psi. Handles 
all temperatures from minus 
100° F. to plus 500° F., 
thanks to ‘‘Marpak"’ pack- 
ing system utilizing precision 


MARSH moulded Teflon 


SERIES 1936 Sizes 4% " through 1”. Iden- 
tified by blue handle. 
Marsh Needle Valves are algo avail 
(JA ? “4 VE4 able in 416 stainless steel (identified 
by green handles) and in alloy steel 
identified by yellow handles 


MARSH INSTRUMENT COMPANY 
Dept. 39, Skokie, Illinois 
Division of Colorado Oil ond Gas Corpora! 
Marsh Instrument & Valve Co. (Canada) Lid 
8407 103rd St., Edmonton, Alberta, Canada 
Houston Branch Plant, 1121 Rothwell S: 
Sect. 15, Houston, Texas 
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seven urensrune.....cwsi RA LIP SEAL 


HYDRAULIC EQUIPMENT — Con For use with Dura Seal 
densed catalog EJS, 8 pp. Specifications to control liquid injection 


and performance information on hydraulic in stuffing boxes 
components for machine tool and indus 


trial applications John S Barnes Corp, FOR HANDLING ABRASIVE 
315 § Madison St, Rockford, Ml FLUIDS AND SLURRIES 
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PNEUMATIC COMPUTING RELAY 
Catalog 53CR1000, 8 pp. Describes oper 
ation and design features of pneumati 
omputing relay. Lists applications for 
each computer operation. Fischer & Por 
ter Co, 547 Jacksonville Rd, Warminster 
Penna 


Circle 362 on Reader Service Card . a eg: DURA 
FLEXIBLE PLASTIC VACUUM HOSI { LIP SEAL Semocced of two ports 
Brochure, 8 pp. Information on dimen Left, Teflon lip sealing 
ring; Right, split expan 
_| sion Collar for retain 
of flexible hose. Dayton Dayflex Plast ing lip sealing ring in 
Co, Div of Dayco Corp, Dayton 1, Ohio DURA LIP SEAL provides a flow control for liquid injection antennae 
Circle 363 on Reader Service Card in stuffing boxes. Its purpose is to prevent abrasives in the process 
fluid from interfering with the function of the Dura Seal. A split 
CONTROL COMPONENTS — Booklet, Collar is expanded firmly against the stuffing box bore retaining 
5S pp Contains illustrations and pecinca a Teflon lip sealing ring that regulates the amount of dilution. 
tions of control components offered by FOR MORE INFORMATION, WRITE FOR BULLETIN NO. 491-PG 
this division. Control Components Div 
of International Resistan Co, 401 N 


Broad St, Philadelphia 8 DURAMETALLIC CORPORATION 


Circle 364 on Reader Service Card KALAMAZOO, MICHIGAN 


sions, construction and applications of lit 





PANEL METERS—Data sheet 601, 4 
pp plus price list Lists 92 standard 
models of voltmeters, ami rs, milliam 
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meters and microammeters in 24, 34 and 


+4 in. sizes. Data tables include meter 
sensitivity, standard il resistance and 
standard voltage drop. Helipot Technica 
Information Service, Helipot Div of Beck 
nan Instruments In | ton, Calif 
Circle 365 on Reader Service Card 


— You'll be in good company... 
SINGLE-TURN POTENTIOMETERS 


Catalog, © pp. Electrical and mechanical | HA iS TIGRIS MT CME UPA TL a 


specifications for 28 standard single-turn, 

wire-wound potentiometers. Dimensional 

drawings classify line. Text describes op | | NAM EPLATES 

tional mechanical features. Fairchild Con 

trols Corp, 225 Park Ave, Hicksville, NY —-— Certified to meet all 
Circle 366 on Reader Service Card hie 4 MIL Specs. 

oS) HoT Prmeeles Ms) | iMMEDIATE 

GAGES, THERMOMETERS AND wiccnbeiitiaiie. te. eriteniinbiane. DELIVERIES 

CONTROLS—Bulletin 3020, 6 pp. Cov "5 FOR FREE SAMPLES 

ers dimensions, accuracies onstru tion Western Electric GaecOienescitien: 

ranges and typical applications of bourdon MADE IN USA trie Supply Co.) man, 


tube type pressure gages, thermometers TRANSMITTER or directly to... 


ind control instruments. US Gauge, Div 


neg Ang hine and Metals Inc, Wort Shove N AM E Pi ATE 


Circle 367 on Reader Service Card 








1270 N.W 165th St., N Miami Beach 69, Fla. 
BIMETAL THERMOSTATS — Bulletin New York Office. 214-27 Northern Bivd., Baysidé 61, WN.’ Y 
$400, 4 pp. Revision of full-line catalog | : , Bayside 4-4000 «Teletype: NY4 -1975 «Cable: Norplate » TWX: LPT 


overs main types of bimetal thermostats DENT & IDENTIFICAT 





Gives specifications, performance data and 





scaled styles. Includes Centigrade-Fahren 


| 
ratings for semienclosed and hermetically 





continued on page 110 
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DESIGN LITERATURE 


heit temperature conversion chart. Steven 
Mfg Co Inc, PO Box 1007, Mansfield, 
Ohio 

Circle 368 on Reader Service Card 


PUMP MOTORS~—Brochure, 4 pp 
hcation performance information 
ratings of 4 through Z hp, single 
three pha motor Cutaway drawing 

\ ction details. Franklin El 
tric ¢ In +( FE, Spring St, Blufft 
Ind 

Circle 369 on Reader Service Card 


BLUEPRINT RACKS~—Booklet, ¢ 
f ns, dimensions and 
f | r nicl 
Harry Hines Blvd, Dalla 
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THAT'S OUR “CUP-OF-TEA” AT STONER! We take the tough jobs other companies 
won't do or can’t do! Our team of Rubber Chemists and Production Engineers . 
like the challenge of helping you solve your problems ME! AL-I IN ; SHING I RODI CTS, 
Maybe you have a close tolerance job; barrier problem PROCESSES—Bulletin PP-103, 4 | 
bonding problem, etc. We invite your blueprints for Lists metal-finishing products luced | 


quotation or recommendation. ompany and describes 19 available metal 
finishing process Hanson-Van Wink] 


Write for our ] 
new 24 page TONER RUBBER COMPANY, INC. | Munni w Cr Chur h St Viattawan N] 


llustrated cataloc 
illustrated cc ‘09 10792 Knott Ave., Anaheim, California | Circle 371 on Reader Service Card 


i 


A subsidiary of CARLISLE CORPORATION 
DRAWING INSTRUMENTS AND 


PHOENIX DALLAS Ll. M. Horris SEATTLE / E w SFS_( ; r f Dp ‘ 
Howe & Howe P.O. Box 5936 Northwest? Plastics CASI ave I¢ I ( ay al 
4328 North 42nd Plac Terminal Annex Bldg 1990 Enet Chere information n mbinat n 
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S Fair Oaks Ave, Pasadena 


zinc ALLOY | 
rs of I | 
grogrese om (] REDUCE COSTS O.0 | 
tiny parts | SIMPLIFY ASSEMBLY Se 


r 
| 
| 
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(J IMPROVE APPEARANCE with wm | REDUCING AND RELIEF VALVI 


| ' 
| De rile 


DIE CAST ZINC ALLOY I ensnes Signed Alle -saresorae pan 

( by & MOLDED NYLON Thumb Ss ) hcation f valve fe sp ater, oil, air pe ga 
Nuts yr . . | pressur f 4000 pn 

5, NJ ) o ‘4 = 

FAS ry ERS | Circle 373 on Reader Service Card 

SPECIAL-PURPOSE COAXIAL CABLI 


| 
Data sheet, 2 pp. Tabulates impedan 
! * High in quality (> i “_ 
NOW 4 * Uniformly accurate | 


t DI eati 
} i 


ipa itance onstt tion details and 
- of special-purp« 
* Low in cost . ee 


NYLON SCREWS + Wide range of stock styles, types, gTOU od i — 7 rang 


. sizes and a ne high speed auto Thue 6 im | 
Die cast or molded in o ig , , 1) 
AND NUTS mat »peration, GRC’s exclusive methods Wing Screws IV, ternational Silver Co, Wallingford 
. . i assure uniformity, smooth, rustproof and cor- 
also available in Delrin rosion resistant surfaces and the lowest pos , F 
sible cost. New kinds of fasteners never MOLDED Circle 374 on Reader Service Card 
before available . modifications in stock NYLON 
fasteners for specialized use — ‘ | 
variety in styles, types and sizes, have been mF . 
made possible by GRC’s special automatic die Screws | GENERATORS AND MOTOR GEN 
casting and molding machines ERATORS-Bulletin 700 (A, B), 2 pp 


Write, wire, phone RIGHT NOW <9 , eee te nsu s, ratings and 7r ication 
for samples, prices, your copy Hex Nuts $ to 15 kva aC, and 4 to 3 kw, de g 
qe A of GRC’s NEW DETAILED FAS- rators Howell Electri Motors Cé 
MACHINE SCREWS from minia- E | TENER CATALOG ce 16316 W 7 Mile Rd, Detroit 35 


ture #0 thru 4%” in wide range 
of lengths ond head types. ‘oe Washers Circle 375 on Reader Service Card 
wy World's Foremost 


thru 5/16”. + a 

RC’s wi lection of molded fee i: r= a 

foctenats settable trom sro, a  wremew of a. 4 TEMPERATURE MEASUREMEN' 
| 


fasteners available from stock. 
Samples sent immediately. f Small Die Castings Booklet, 4 pp. Presents descriptions, 
. Screw ick... iain : 


GRIES REPRODUCER CORP. insulators perature ranges, prices of three porta 
159 Beechwood Ave., New Rochelle, N. Y., NEw Rochelle 3-8600 Beir nl cal temperature-measuring devices for 1 
Be sure to see us at the METALS SHOW—Booth 1211 


t 


contir 
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etna 


BEARINGS 


REDUCE COSTS... 
STEP UP PRODUCTION 


Low-cost Aetna packaged bearing units simplify modern 
assembly line production. Designed as complete, integral, 
prelubricated units, these bearings greatly reduce over-all 
assembly costs and assembly time, and minimize stock 
handling. Individual units are simple in design, incorporat- 
ing a single row of radial ball bearings with extra large 


lubricant capacity and a highly efficient seal. For all light- 
duty, medium speed applications, they assure dependable 
product performance free from troublesome servicing. 

For complete information, call your Aetna representative 
listed in your telephone directory, or write for Prelubricated 
Bearing Catalog AG-59. 


AETNA BALL AND ROLLER BEARING COMPANY 4800 SCHUBERT Ave. 


DIVISION OF PARKERSBURG-AETNA CORPORATION 


PRODUCT ENGINEERING + OCTOBER 17, 1960 


CHICAGO 339, ILL. 
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Reevecote 
broadens use 
of popular 

air switch 

with stronger— 
more sensitive 
diaphragms 


T. H. Landgraf, Chief Engineer 
at The Autogas Company 
of Bellwood, Illinois, says: 
“The use of a Reevecote 
diaphragm allows a wider range 
of control of all kinds of gases, 
wider temperature range and 
provides greater strength.” 


The Shvre-Vent Control, product of The Autogas Company,is an increas- 
ingly popular air-flow interlocking itch. It is actuated by a strong, 
sensitive Reevecote diaphragm. Operation is by pressure or vacuum. 








Since the heart of this control 
is its diaphragm, The Autogas 
Company found the perfect 
solution in a larger, stronger, 
more sensitive diaphragm made 
of Reevecote, a synthetic 
rubber-coated fabric 
manufactured by 
Reeves Brothers, Inc. 

If your design calls for a 
diaphragm — or the use of coated 
fabrics ... choose from over 200 
styles of Reevecote — the most 
complete line of coated fabrics 
for industry. 


REEVES vutcan 


Reeves Brothers, inc., Vulcan Rubber Products Division 
1071 Avenue of the Americas - New York 18, New York 
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"1 WORM GEAR 
SCREW JACKS 
by JOYCE 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 
Leveling Systems 
Welding Positioners 
Jigs 
Testing Equipment 


Models, one ton and up. Can be driven by 
motors or manually operated ... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available ... also 
Stainless steel or hollow screws 

SEND COUPON FOR FOLDER TODay! 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 
ee 


COMPANY 





ADDRESS 
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NOW vweady 


combined reprint on 


HUMAN ENGINEERING 


Fourteen articles from recent 
issues of Product Engineer- 
ing plus a complete bibliog- 
raphy of reference data are 
included in a new 44-page 
combined reprint now 
available. Each article is 
reproduced in full with all 
original text, tables, illustra- 
tions, and diagrams. Price 
is $1.50 each, including post- 
age. Send orders with re- 


mittance to 


Kkeader Service Dept 
PRODUCT ENGINEERING 
330 W 42nd St, New York 36 
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DESIGN LITERATURE continued 


with 1) gases, liquids and solids; 2) low 
air velocity and temperature; 3) water. 
Also covers various available temperature 
probes. Gelman Instrument Co, 106 N 


Main St, Chelsea, Mich . -= 
Circle 376 on Reader Service Card et y Fa 


KNURLED AND SERRATED _IN- w h 
SERTS—Data sheet 200-59, 1 p. Sizes, as ers 
= 
materials and characteristics of knurled and shims 
and serrated inserts for pressing into cold 
material, hot materials or for molding The operator no longer needs 
) h ut th 
applications. J B Plevyak Mfg Co, 19 ae eee ee Oe 
together! 
Jefferson St, Newton, NJ 
. : Applications on which one tube 
Circle 377 on Reader Service Card is radiused or saddled to fit over 
another are sometimes difficult to 
preform with a washer or shim 
LETTERHEAD REQUESTS ONLY The stiffness of the washer may 
Manufacturers who published following hold the radiused member away 


terature asked that requests for copies be from the other tubes. By curving 
made on company letterheads 





the washer to the curvature of the 
tube, the problem is minimized. 


THREADED COAXIAL CONNEC- c 

: : ie urving a shim permits snapping 
rORS—Catalog, 32 pp. Specifications and | oS Gis Gin tte On nde. 
dimensions of standard and special RI 
onnectors for precision equipment With 
dimensional drawings. General RF Fit 
tings Inc, 702 Beacon St, Boston 15 


LUCAS-MILHAUPT Engineering C2. 
RE fad Ri N TS 5056 South Lake Drive, Cudahy, oo 288 
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Reprints currently available without charge 
are listed on the Reader Service Card 


° a. 8 
jound in this isue. Sle py fee | W@W Meyercord Technical Bulletins 
quantity prices ¢ ec st e 
gh ety, <r answer vital questions about 
able as long as the supply lasts, from 
Reader Service Dept, Product tasinc | DECAL PRODUCT IDENTIFICATION 
ing, 330 W 42nd St, New York 36. Please 


enclose remittance with order; we pay 








postage " oe == ~ JET ALL WEATHER MARKING! 


R48—Reinforced Plastic Parts 

Combined reprints of 11 articles giving 
design data on the seven processes for 
ommercial parts, 64 pp $? 
R69—Human Engineering 

Series of 14 articles with design data on 
man-machine problems, plus bibliography 


44 pp $1.50 








R66—The European Engineer Talks ” Type “C” : Type “G” YP 
rhe challenge to American proficiency in The abrasion and solvent-resist- The toughest Decal The outdoor, all-weather transfer 
| ant transfer for single or multi- known for solid-color- for either open-letter, or solid- 
design for produc tion disclosed by inter | color, open-letter designs! background designs! color-background design 
\ ‘ | ti Ss +7 . 7 
views with technical directors in six coun Write For This today’s transfer nameplates use one or more 
tries, 24 pp $1 Up-to-the-Minute Information of the three Meyercord markings . . . Type 
R16—Plate C Desi Chances are even—that your product's “C”, Type “G", or Type “J”! 
16—Flate Cam Design marking problem, be it trademark or func- Your request will bring these three new 
Series of articles with complete design tional instruction, can be solved by one of technical bulletins promptly. T he trained 
lata; curve blending and profile synthesis these Meyercord Nameplate Transfers. Mey ercord sales representative in your area 
' i : ‘ Technological changes in materials and _ will assist you in the selection of the proper 
to reduce inertia, 48 pp $1 = : : ¢ called wal 4 
finishes, higher standards for marking re- type of Meyercord Decal Transfers to meet 
quirements—in terms of abrasion, immer- your requirements. Ask for [] Type “¢ 
( ; og" nies sion and weathering—require that 50% of [) Type “G”, 1 Type “J”—or all three. 
ombit repril 5 ast 
oe: ee. steps to taster CLIP AND ATTACH TO LETTERHEAD-—PLEASE 
reading; 8 steps to better writing; 7 steps 


to better reporting, 24 pp $1 the MEYERCORD CO. Dept. 1-318, 5323 W Lake Street, Chicago 44, Illinois 


continued on page 115 


R65—Reading, Writing, Reporting 
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Tole) 6m 20], | 


The Design Equation ws: McGRAW HILL 
that Saves You Money... : 


Use easy-to-install, APPLIED ENGINEERING 


economical National NA’ | ' I @ NA ll MECHANICS 
Retaining Rings to Just Published — Second Edition 


locate and position Shows how to solve practical pro! 


s in statics 4 dynamics 


bearings or parts on with scores of examples and worked 
pins, shafts and in out 4} — ms. Revised Second Ed 
: Saad | tion vides data on 1 1 yc ge in 


housings. Eliminate ng fresh material o ri 
tior orees produced by hyas stat 


grinding or machining loads, forces acting in suspensio: 
shaft stock to form cables and arches, and more. By A 
Jensen, Emeritus Prof. of Engg ; as 


shoulders. You save sisted by H. Chenoweth, Asso. Prof. 
of Civil Engg., Univ. of Wash. 2nd 


ti d terial . . : Ed. 409 pp., 746 illus., $6.50 

and reduce weight =improved design ” 

and space require- 

ments. Ask for data + economy | OIL HYDRAULIC POWER 
on your specific AND ITS INDUSTRIAL 


application, today! APPLICATIONS 


Just Published — Second Edition. 
Explains how oil hydrauli pes 
+ ed, uti ized trans 
and applied ir oon ry 
m Dasi 
ymponent ¢ 
latest 
1€ rent and 
peration and maintenance 
ter Ernst, Commonwealth 
of Ohio. 2nd. Ed. 466 pp.. 379 illus 
& tables, $12.50 


ALL TYPES AND FINISHES AVAILABLE—National rings are supplied 
in square, round and rectangular types of carbon spring steel, bronze, 
beryllium-copper, stainless steel and aluminum in a wide selection 
of finishes. Send drawings or sample part for recommendations. 


The NATIONAL LOCK WASHER COMPANY 
Serving Industry Since 1886 PRODUCT ENGINEERING 
NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN DESIGN MANUAL 


CIRCLE 216 ON READER SERVICE CARD Gives you a ready-made design file 


hods, drawings, formulas, tables 
hartse—practical aids f eng 
ng top efficiency and reliabil 


ASSURED SELF-LUBRICATING SECURITY Paso 


with LL U he RiTk Pra eer 
thers Edited” by Douglas ( 


Groummend. Editor, Product Engineer 


ing Design Digest. 342 pp., over 1100 
BEARINGS i ie 
ad 


ame | >> TOOL ENGINEERS’ 
Botirg = Steet Mil & HANDBOOK 


Temp Equipment indvstriel_Machinery wind Teanats 
imental reference volume 
ill phases of plann ng, 
t and other 
in the mechanical 'D 
finished products Prey 
ur needs in mind, it bring 
factual data collected fr 
bie sources lependabl t 
oo ne avery <a 
f ol engined rin ecision. By 
Ame AA. Society of Tool and Manu 
facturing Engineers. F. W. Wilson 
we SS P Editor-in-Chief. 2nd Ed., 2289 pp 
= ‘ 1709 illus., 605 tables, $19.50 


ol 





* 


Meoterels Mending Equipment a Peper, Feed, Rubber Mydre Electric Gete Bearings = l “ 
} Cone veyor Systems Prec A Teatile Machinery ond Accessory Equipment : . ite) DAYS 





Lubrite self-lubricating bearings offer great versa- s | U ] 

end for this f Fa tion 

tility in hundreds of fields where dependability page Lubrite Rice = s33° LE Examina 

and superior performance are of prime importance. 55—it contains complete McGraw-Hill Book Co., Dept. PE 10-17 

‘ information, technical dat | 

Lubrite Bearings, with clean, permanent, | and specifications ebout na eo th St.. New York, 36, for \e days’ ex 

maintenance-free self-lubrication are designed Lubrite Self-Lubricating amination on approval. In 10 days I will remit 

to withstand severe loadings, temperature ex- | Expansion Plates and for book(s) I keep plus few cents for delivery 

tremes. submersion, corzosion and other adverse | Bushings. Write today! osts, and return unwanted book(s) postpaid. (We 

conditions. . j elivery costs if you remit with this coupon 
rm privilege 

Lubrite may be just the bearing you need in | Available now — New Manual No. 56 6.50 weth—Applied Engrg. Mechs.— 

your designs to obtain better results. with complete technical informetion about iam Oil Hydr. Power & Its indus. Appll.— 

Consult our Engineering Department on your BEARINGS & WASHERS. BURHNGS, yy od—Prod. Engr. Design Manual—$10.( 

application. No obligation. HERS. ASTME—Tool Engineers’ Handbook—$19.50 
Name 





Virste tor ve py 
Address 


LUBRITE DIVISION pode 
M E 4 R { M A N B R °o S * Ff l N Cc © oy and terms outside U.S 
195 AMORY STREET, BOSTON 30, MASSACHUSETTS eee ee eee eee 
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REPRINTS continued 


R46—Manual of Reliability 

How to design for reliability, human fac 
tors, statistical tools; implementing the 
program, 32 pp 50¢ 


R22—Engineering Organization 

Study of 50 companies shows changes in 
large and small companies, 24 pp 25¢ 
R21—Engineer’s Bookshelf 

Annotated bibliography of technical books 


for the design engineer, 24 pp 25¢ 





R71—How to Design Nomographs 
Simple step-by-step guide 
R-70—Gasket Materials 

Four-step selection procedur 


R68—Encapsulating Systems 


Comparison of basic systems 


R67—Heat Protectors for Motors 


Response and accuracy of all typ 


R64—Bonded Solid Lubricants 
Data on new high heat types 


R63—Couplings for Geared Drives 
Hlow to soften shock and cut cost 
R62—High-speed Photography 

How it can solve design problem 


R61—Angular Errors in Gearing 


predict seven effects 


E.quations ] 


R60—Journal Bearing Design 


New equations and design charts 


R58—How to Avoid Hose Failure 


For metal hose; all known cause 


R57—Miniature Lamps 


Compromises faced: what to spe 
R56—Buckling of Coil Springs 
How to predict 

R54—Solid Aluminum Bearings 
Materials and design guid 
R53—Significance of WK 


Se] ing motors for high inertia 


R51—Solder Fluxes 
Selection guide covering all typ 


5 I 


R49—Positive-displacement Pumps 


Graphical method and selection char 


R47—Fastening Gears to Shafts 
Comparison table for 15 methods 


R41—Design by Digital Computers 
Selecting and operating desk-size types 


R40—Designing Four-bar Linkages 
Five methods for straight-line motion 


R38—Design of Circular-arc Cams 
Mathematics replaces graphics 


R36—Non-circular Gears 
Design guide to practical types 


R32—Societies and Associations 
Data on all that offer design data 
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‘NEEDED: 


VIBRATION ISOLATION 
AT BOTH HIGH AND 
LOW FREQUENCIES 


A mount soft enough to isolate vibration in the upper range 
of frequencies generally gives trouble with a low natural fre- 
quency. With sensitive precision equipment, such as airborne 
sighting mechanisms, for example, a mount must work at both 
ends of the frequency spectrum. 


ANSWER: 
MB ISO-DAMP MOUNTS 


CONTROL FULL 
FREQUENCY RANGE 


Resilient rubber sections with equal spring rates in all direc- 
tions (an original MB mount principle) give the MB Isomode 
Mount its high frequency isolation efficiency in any position. 
In the low range, a unique damping mechanism effectively 
restricts resonant build-up; does not affect high frequency 
isolation. Unit also meets MIL-E-5272-A shock requirements. 


WHAT'S .YOUR 
MOUNT PROBLEM? 


Iso-Damp mounts can be modified to meet your particular re- 
quirements. Or possibly one of MB’s other standard mounts 
may be the answer to your special vibration control problem. 
Why not let MB’s experienced specialists help find the right 
answer for you. Write us for complete information—ask for 
Bulletin 418-4, 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1076 State Street, New Haven 11, Conn. 
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MAGNESIUM BOXES 
AND COVERS 


NO TOOLING COST! 





Now, for the first time you can order standard deep 
drawn magnesium boxes and covers, in sizes ranging 
from 1%” to 18%”, all in a full range of depths, from 
stock tooling! Thousands of sizes to choose from... 
all with no tooling cost! Fast delivery, in most cases 
from stock. 

Your inquiry is invited on custom magnesium deep 
drawn parts. Low cost “Zero-Method” tooling makes 
even short runs practical and economical. Contact your 
Zero Representative or send print for quotation. 


Netti es 11) 


MAL) WRITE FOR NEW MAGNESIUM BOX CATALOG 


, ZERO MANUFACTURING CO. 
\ lero } 1121 Chestnut Street, Burbank, California 


Telephone Victoria 9-5521 «© TWX BRB-9862 = 
. Factories in Burbank, California and Palmer, Mass. 


representatives in 26 key cities nationwide 


9500 Series CIRCLE 217 ON READER SERVICE CARD 


MINIATURE LEAKPROOF rc 
SHUTOFF VALVE For fast response, | 


LEAKPROOFMANSHIP...a word not found variable speed, - | 
in Webster’s but coined to convey our phil- e 
small size... 


osophy and we live up to it, too ot perfect 
leakproof sealing. Not merely braggadocio 


but an operational certainty. It is said that 


the very best things come in small packages GENERAL ELECTRIC D-C 
ind this is especially true of the Circle Seal 
HIGH POWER SERVO MOTORS 


9500 Series Valves. Miniaturized at no sac- 


rifice in quality, these valves operate from Fer high performance serve applications 


-200 S ‘ » fe; “e , : 
0-2000 psi while maintaining all the features sedis eneniunssiah en dined. 
that have made the name CIRCLE SEAL 
synonymous with valve quality. @ Speeds variable to standstill | ¢ Ball-bearing construction. 
with smooth torque, low “‘slot- © Peak torques from 7.7 Ib-ft 
lock”’ effect. in 6°)" diameter, compensated 
‘ @ Furnished with or without shunt wound, to 30 Ib-ft in 8!9” 
Straight through flow tach generator. diameter compensated perma- 
Positive position indication e RMS Thermal Ratings avail nent magnet field motors. 
Provides accurate metering able to drive FHP loads—with @ Low time constants and fast 
Effortiess opening and ciosin higher capabilities for special response. 
“nr” RB} . ’ - applications. @ 1140 RPM and other higher 
0” Ring seals virtually eliminate wear @ Motors are totally-enclosed base speed designs available. 


Convenient 90° “‘T’’ handle 


Leakproof in vacuum or pressure service 


| FREE Ask for GEA-6831 
|CIRCLE SEAL PRODUCTS COMPANY, INC. i Write Section 634-23, Schenectady, N.Y. 
2181 East Foothill Boulevard * Pasadena, California BULLETIN 


SEAL 


GENERAL (96) ELECTRIC 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








Aluminum Alloys 


Bars 
Metal 24-25 
Nonmetallic . oe 

Bearing Materials 46, 54 

Bearings 
Ball 11, 99, 111 
Oilless 3rd Cover 
Roller ll, ve ane 
Seilf-Lubricating 54, 66 114 
Sleeve 3rd Cover, 105 

Bellows ‘ .. oe 

Belts, V 

Bi-Metal 

Bolts 

Books 

Brazing 

Bushings 


Carbide Alloys .. 
Carbon 
Carbon Parts 
Chains 
Conveyor 
Roller 
Clad Metals 
Clamps . 
Clamps, Hose 
Compressors 
Connectors 
Tube 
Contacts & Contact Materials 
Control Panels & Switchboards 
Controls 
Electrical 
Mechanica! 
Conveyors 
Cylinders 
Hydraulic 
Pneumatic 


Decalicomanias 
Deep Drawing 
Dials - 
Die Castings 
EOOR scccces 
Drafting 
Machines 
Supplies 
Drives 
Variable Speed 


Engineering Services (see also Pro- 
duction Services) . .86 
Engines . 


Fabrics, Coated : : 
Fastening Methods ... .23, 45, 56, 
107, 


Fittings, Hose, Pipe & Tube 58, 


G 
Gears 
Graphic Charts 
Graphite 


Heating Units 
Hose & Tubing 


L 


Laminated Plastics (see Plastics, 
Laminated) 
Lead e 92 


MORE DETAILED INFORMATION about 
the READER SERVICE CARD 


M 


Magnetic Materials 103 
Metal Forming 119 
Moldings 

Powdered Meta! (see Powdered Metal 

Parts) 

Rubber (see Rubber Parts) 
Motors, A-C 

Farctional 
Motors. D-C 

Fractional 


Name Plates 109, 
Nuts . 45, 108, 


P 

Pencils 
Plastics 
Plastics Laminated to Metal 5 
Plates ‘ . aa 9) 
Plugs 4th Cover 
Powdered Metal Parts. 53 
Production Machines & Processes 103 
Production Services (see also Engi- 

neering Services) 86, 94 
Pumps 

Liquid 


R 
Relays 
Reproduction Equipment 
Reproduction Supplies 
Resins . 
Retaining Rings 
Rivets 
Rolls 
Rubber 
Rubber Parts 


Screws 
Seals 
Sheaves 
Silleone Rubber 
Silicones 
Spacers 
Spinning 
Springs 
Sprockets 
Stampings 
Steel 
Alloy 
Coated 
Carbon 
Stainless 


Timing Motors 
Titanium 
Tracing Paper 
Tube Fabricating 
Tubes . 
Tubing 
Flexible Metal 
Welded 


v 
Vaives 
Pe! as nee 2nd Cover, 14, 108, 
Control 
Hydraulic .. 
Vibration Dampers 
Mechanical ne 
Vibration Mountings 


w 
Washers ... 
Wear Materials 
Welding 
Nuts 
Wire 


Z 
Zinc Coated Sheets 49 





_ WIRE LINE SHEAVE 


IDEGO- 


FABRIFORM 


SHEAVE 


@Roll-forged 

rim and groove 
~flame-hardened 
e@Uniform material 
throughout 

=-no internal strains 

or irregularities 
@Available with rough 
or finished 

machined 


hubs 


COMPLETELY FABRICATED 
FROM PLATE STEEL 


INHERENTLY DYNAMICALLY 
BALANCED 


STRONGER THAN CAST 
SHEAVES 


NO HIDDEN DEFECTS 


STANDARD SIZES, 24” to 55” 
O.D.— LARGER SIZES 
ON ORDER 


ROLL-FORGED RIM 
NO PATTERN COSTS 


HIGHEST QUALITY — 
NO HIGHER COST 


WRITE FOR BULLETIN FS-6A 


DIVISION OF DRESSER INDUSTRIES, INC 


P. O. BOX 1331 DALLAS 21, TEXAS 
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{ waTionaD’? 
COVERAGE 


tive, Management, 


Positions Vacant 


Positions Wanted 
Part Time Work 


DISPLAYED 


advertising rate is $37.00 per inch for all adver 
ng appearing on other than a contract basis. 
rates quoted on request 


The 
Frequency 
An advertising inch is measured %” vertically on s 
column columns 0 inches to a page 
Subject to Agency Commission 


Send NEW ADS to Classified Advertising Div 





EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


—— 


of PRODUCT ENGINEERING, P.O. Box 12, N.Y 


execu 


technical, selling. office, skilled, manual, et 


Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 


$2.10 per line, minimum 3 lines. To figure advance 
payment count 5 average words as & line 

Position Wanted Ads are % of above rate 

Box Numbers—counts as | line 

Discount of 10% if full payment is made 
for 4 consecutive insertions 

Not subject to Agency Commission 

36, N.Y 





POSITION VACANT 
En 


gineer grad- 
»pment 
ms and de- 

th 


im size 


Wanted—Recent Mechanical ; 


( ea experience devele 


a produced mechar 
lelense permanent 
rtunit 


pos tior Ww 
es n med 
New York's sum- 
Mail 


mour 


upstate 
W le sports development 
I H Winter Pass & S« 


New York 


POSITION WANTED 


Creative Engineer to invent new products, 
evelop orig i lea ive y blems. Sound 
ekground with 
Full time or cor 


Engineering 


LEGAL NOTICE 
REQUIRED BY 
\S AMENDED BY 
JULY 2 16 . 
J at 208 SHOWING 
RSHIP MANAGEMENT 
CIRCULATION 
et I pul r 1 


at Albany 


wa 44,848 
COMPANY 
I. COOKE, Secret 
e me th Sth da 


[cGRAW-HILL PUBLISHING 
Ry JOHN 
A gubesrthed bet 
JANET A. HARTWICK 
March 30, 1961 


re 





When Answering 


BOX NUMBERS .. . 


to expedite the handling of your correspond 
please do not 
reply to more than one 
Be sure to address 
separate replies for each advertisement. 


ence and avoid confusion, 


address a single 


individual box number. 

















——— ENGINEERS 
Hydraulic Servo 


Would you like t« y a significan 
the expansion 


’ f a dynamic ipar 
growth fleld 


cor 
f ele hydraulic contr 


Such a ye for you a 


MOOG Servocontrols, Inc. 


East Aurora, New York 








WANTED 


CREATIVE 
DESIGN ENGINEERS 


(M.E.’s, E.E.’s, etc.) 
Managerial and staff positions avail- 
able for individuals combining experi- 
ence, training or motivation in indus- 
trial design (imaginative, inventive, 
artistic approach to function, form, cost. 
marketability) plus product R&D engi 
neering. Send resumes in strict con- 
fidence to 

THEODORE S. JONES & CO 





(Specialists in Designer Placement 
Box 41Z Milton 87, Mass Tel. OX-6-3221 








MANAGER PRODUCT DESIGN...$13,000 


Our client, a well-known company manufacturing 
electrical measuring devices and test equipment 
desires promotable type engineer to head up new 
group. He should have ENGINEERING DEGREE 
and 5 years of product engineering experience 
Company client assumes all employment expenses 
ESQUIRE PERSONNEL SERVICE 
202 South State $t., Chicago 4, IIlinois 


The Maharajah 
of Mygosh, 

one of the 
world’s 
wealthiest men, 
reads 

while riding 

an elephant. 


“It gives my brain a real 
jog,” he says. But elephants 
are expensive, and eat a lot. 
Besides, all that your engi- 
neers and managers really 
need, to do more business 
reading, is an encouraging 
word from you. Remember, 
a good place to read is a good 
place to think... and if you 
pay engineers and managers 
to think, encourage them to 
do more reading. Like so 
many successful men who 
read their “most useful” 
McGraw - Hill publications, 
they’ll find the best place... 
home or plant, office or ham- 
mock. But wherever they 





Phone HArrison 7-6337 











ADDRESS BOX NO. REPLIES TO: Bor N 
Classified Adv. Div. of this publication 
Send to office nearest you 
NEW YORK 86: P. 0. Bow 12 
CHICAGO 11 20 N. Michigan Ave 
SAN FRANCISCO 4: 68 P 


t st 





POSITIONS VACANT 


Chief Designer: One of the targest national 
manufacturers of quality lighting for 
ai ndust a 
Must be 
materials and technolo 
design, development 
fluorescent lighting 
ability Le 
fornia. Salar excel 
experience resume 
, $29, Product Eng 


ixture 


»ymmere and institutiona 
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equipment 
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read, remember, you share 
in the rewards.* 


*Yes, when they read, 
'. you profit, too, 
Write on your business 
letterhead for a personal 
copy of booklet, 
“The McGraw-Hill Engineered 
Reading Program.” 





PRODUCT ENGINEERING + OCTOBER 17, 





INDEX TO 
ADVERTISERS 


This inder is publishe ence to the 


PRODUC r E NGINEERING 18 


Aetna Ball & Roller Bearing Co., Div., 
Parkersburg-Aetna Corp. .... 111 
Allied Metal Hose Co ‘ , 104 
Aluminum Co. of America 82 
American Steel & Wire Div., VU. S. 
Steel Corp. .. 7 33-35 
Anaconda Metal Hose Co 58 
Automotive & Aircraft Div., Ameri- 
can Chain & Cable Co., Inc 90 
Bellows-Valvair Div., International 
Basic Economy Corp : ° 14 
Berry Hydraulics Div., Oliver Tyrone 
Corp. ’ 104 
Bodine Electric Co 120 
Bound Brook Ojil-Less Bearing Co 
3rd Cover 
Bower Roller Bearing Div., Federal- 
Mogu!l-Bower Bearings, Inc 
Camiloc Fastener Corp 
Carr Fastener Co., Div. of 
Carr Fastener Corp 
Chatillon & Sons, John 
Cincinnati Gear Co 
Circle Seal Products Co., Inc 
Clearprint Paper Co. 
Commercial Shearing & Stamping Co 
De Laval Steam Turbine Co 
Dodge Mfg. Corp 
Dow Corning Corp 
du Pont de Nemours & Co., (inc.), 
E. |., Elastomer Chemicals Dept.. 
du Pont de Nemours & Co., (inc.), 

l., Polychemicals Dept. 37-38 
Durametallic Corp. 109 
Eastman Mfg. Co . 96 
Eriez Mfg. Co... 103 
Federal-Mogul Div., Federal-Mogu! 

Bower Bearings, inc ; 
Firestone Tire & Rubber Co., 
trial Products Div 
Ford Motor Co., Industrial 
Dept. . 
Formed Tubes, inc. 
Fulton Syiphon Div., 
Fulton Controls Co 
Garlock, Inc. 
Garrett Co., Inc., George K 
General Aniline & Film Corp., 
Div. 
General Electric Co., Apparatus 
Dept. 55, 116 
Graphic Systems 104 
Gries Reproducer Corp 110 
Grip-Nut Co. 108 
Hamilton Mfg. Co., Market Building 
Program 50 
Hansen Mfg. Co., Inc 98 
Huck Mfg. Co ‘ 102 
Ideco Div., Dresser Industries, Inc 117 
Illinois Tool Works, Fastex Div 
Joyce-Cridland Co 
Kaupp & Sons, C. B 119 
Kennametal, inc., Metalworking Div -. 
Keystone Carbon Co 
Koppers Co., Inc., Plastics Div $0 
Lamina Dies & Tools, Inc 101 
Lead Industries Association 92 
Link-Beit Co ll 
Lucas-Milhaupt Engineering Co 113 
McGraw-Hill Book Co., Inc 114 
McLouth Steel Corp 89 
MB Electronics Div., Textron Ele 
tronics, Inc. . 115 
Marsh Instrument Co., Div. of Colo 
rado Oil & Gas Corp 108 
Masiand Duraleather Co., The 5 
Merriman Brothers, Inc., Lubrite Div 
Meyercord Co. 
Modern Industrial Plastics Div., 
Duriron Co., Inc. 
Morganite, Inc. 
National Lock Washer Co 
North Shore Nameplate Div., 
dyne, Inc. 
Plastic & Rubber Products Co. 
Polymer Corp. of Pennsylvania 
Post Co., Frederick 30, 
Raybestos-Manhattan, Inc., Packing 
Div. 46 
Republic Stee! Corp. , 24-25 
Ross Operating Valve Co "2nd Cover 
Russell, Burdsall & Ward Bolt & Nut 


Indus 


Engine 


Robertshaw- 


Ozalid 


4th Cover 
‘ 112 


The 


Co 
Square D Co 
Staedtler, Inc., 
Stoner Rubber Co., Inc 


J.Ss 


Stratos Div., 
plane Corp. 
Texas Instruments incorporated 
Metals & Controls Division 
Thiokol Chemical Corp. 
Thomson Industries, Inc 
Tomkins-Johnson Co. 


Fairchild Engine & Air- 


PRODUCT ENGINEERING 


umes nv 


ere _ Beery care is taken to make it accurate but 


responstbilities for errors of omissions 


Torrington Co., Specialities Div 

U. S. Graphite Co., Div. of the Wickes 
Corp 

U. S. PRadium ‘Corp 

United States Stee! Corp. 

Vulcan Electric Co.. 

Vulcan Rubber Products Div., 
Bros., Inc. . 

Waldes Kohinoor, Inc., 

Weirton Steel Co., Div., 
Corp. 

Western “Rubber ‘Co 

Worthington Corp. 

Zero Mfg. Co. 

Zero-Max Co 


Reeves 


Truarc Div. 
National Steel 





LLOYD R. LAWRENCE advertising sales man 
ager 

P. F. PRITCHARD manager, 
ment 

THOMAS R. COASH circulation 

RUSSELL T DOUGLAS business manager 


market develop 


ADVERTISING SALES STAFF 

ATLANTA 3. . . Ray K. Burnet, 1301 Rhodes 
Haverty Bldg, Jackson 3-6951 

BOSTON 16...M. A. Williamson, Jr., Copley 
Square, Congress 2-1160 

CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor; R. W. Bruley, L 
Anderson, 520 N Michigan Ave, Mohawk 
4-5800 

CLEVELAND 13. . A. F. Tischer, 1164 
Illuminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1 . John Grant, 901 Vaughn Bldg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2. . . John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26. . . P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25. . . Gene Holland, W-724 Pru 
dential Bldg, Jackson 6-1281 

LOS ANGELES 17 Robert Obenour, 
West 6th St, Huntley 2-5450 

NEW YORK 36... B. K. Adams, F. J. Mc 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 John B. Lewis, 6 Penn 
Center Plaza, Locust 8-4330 

PITTSBURGH 22... C. F. Leveroni. 
way Center, Express 1-1314 

PORTLAND 4, ORE. Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST LOUIS 8... R. W. Bruley, 3615 Olive St 
Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 4 W. C. Woolston 
68 Post St, Douglas 2-4600. 


1125 


4 Gate 


SUBSET ESO. Bend oupeerptee 
change of address to Pulfliment 


Propuct -_n— 330 W 42nd . New 


e 
. If possible, enclose 
m a recent issue of the maga- 
zine. Since copies are addressed one to two a 
= advance, please allow one month for change of 
dress to becom effective ee | oat 
solicited only from executives, ra 


sultants engaged in the design of 
products. Position = Yo 
must be on subscription 


other engineered 

OFFICERS a Be THE PUBLICATIONS DIVISION: Nelson L. 

Bond, President; Shelton Fisher, Wallace F. 

Senior Vice Presidents; John R. Callaham, Vice President 

— Editorial Director; Joseph H. Allen, Vice President 
ind Director of Advertising Sales; A 

President ona < Circulation Coordina: 





7 L. 
+ Cooke, 





CLAGSIEIES ADVERTISING 
J Eberle, | 
merconruer OPPORTI BESEES 
Index to Advertisers appe x 
Products Index appears ot P 


Jusiness Mgr 


OCTOBER 17, 1960 


KAUPP 
PRECISION-FORMED 


METAL 


COMPONENTS 


Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 
quotations or phone for new illustra 


diy 


> 
we 


Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 


c. B. KAUPP & SONS 


Metal Craftsmen since 1924 
NEWARK WAY, MAPLEWOOD, N. J. 
Telephone: SOvth Orange 3-2490 
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MOTOR USER'S CASE HISTORY 


“Bodine Motors are 
DEPENDABLE” 


Massa, A division of 
Cohu Electronics, Inc. 


“‘We tested several makes of fractional horsepower motors to power our 
12-channel rectilinear recorder and selected Bodine Motors for these reasons 
.. . dependability . . . quietness of operation . .. superior design . . . quick 
delivery ... better packaging ... company reputation. Also we wanted a 
motor that had a high starting torque. This torque is necessary to attain 
the instantaneous chart speeds required of our recorders. We found Bodine 
Motors to have excellent starting torque.”’ 


... Ernest A. Massa, vice president 
Massa, A division of 
Cohu Electronics 


Here's the Massa 12-Channel 
Recorder... powered by a Bodine 
Fractional Horsepower Motor 


This direct writing oscillographic 
recorder can record 12 signals 
simultaneously! Its chart driving 
mechanism is powered by a 
Bodine, synchronous, split phase, 
reducer motor (see arrow). A 
clutch arrangement makes it 
possible to obtain 18 different 
synchronous chart speeds. 





Rear interior view 


3500 standard built-to-order BODINE MOTORS! 
300 stock BODINE MOTORS! 


FREE...16-page bulletin on speed reducer motors 


More than 50 pictures, drawings and tables give de- 
tailed information on the Bodine line of worm gear 
speed reducer motors. A special section discusses, 

factors in the application of speed reducer motors.’ 
Also included is a ‘‘characteristic chart’ on various 
motor types. Ask for Bulletin 1022B, Bodine Electric 
Company, 2510 West Bradley Place, Chicago 18, Illinois. 
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P65—HELICAL GEARS 
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Better bearings begin here in the newly constructed laboratories of Bound 
3rook’s Research and Development Division. Here, with new facilities and 
modern equipment, Bound Brook’s highly specialized talents create new 
bearing materials, help you develop new product applications. Here, Bound 
Brook engineers employ unique test equipment to duplicate any conditions, 
service-test your bearings before they’re put in production. If you want to 
turn your problems into new ideas, new designs, new bearing applications 


... turn to Bound Brook! 


BOUND BROOK 


Bound Brook 


Oil-less Bearing Co., Bound 1 k, N. J. 





1 Good. Dooke court I 


»». and you can count on improved 
product appearance with 











Metal kitchen cabinets with unsightly production holes 
showing? Not if Fastex Plasti-Plugs (one piece, self- 
retaining hole plugs) are used! Snapping-in with a light 
touch of the finger, Plasti-Plugs are available in 45 stand- 
ard sizes, in colors to match every product. Low in cost to 
cola ili ao buy and apply, Plasti-Plugs do double duty too—can be 


—— oe oe oe ee oe oe used for dust protection, friction glides and as replaceable 


plugs. Special moisture-sealing plugs may also be had. 


Made of polystyrene, nylon or vinyl, they’re non-corrosive, 


always good-looking. 


Cover Silent 
access holes drawer glides Wi J joy J 


Trade Mark 
195 Algonquin Road, Des Plaines, Illinois 
in Canada: Canada Illinois Tools Limited, Toronto, Ontario 


Write for free catalog 


listed ... tells how easily 
you can “snap in” Plasti- 
Plugs by Fastex. 


DIVISIONS OF ILLINOIS TOOL WORKS 
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